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AGRICULTURAL  CHEMISTRY. 


It  is  a  matter  of  surprise  that  so  little  is  actually  known  upon  the 
theory  of  agriculture.  Its  practice  is  nearly  coeval  with  man- 
kind, while  as  yet  it  scarcely  exists  as  a  science.  Ask  the  most 
exj)erienced  farmer  to  explain  the  principles  which  govern  the 
routine  he  is  daily  in  the  habit  of  practising  ?  Ask  him  to  deter- 
mine the  value  of  any  rotation  of  crops,  or  their  comparative  ex- 
hausting powers  ?  Ask  him  what  ingredients  must  be  restored  to 
the  soil  to  keep  its  fertility  unimpaired  ?  or  the  exact  manner  in 
which  climate  influences  his  produce  ?  His  answers  will  be  vague 
and  unsatisfactory.  But  these,  and  a  thousand  other  questions  of 
a  similar  nature,  are  capable  of  solution  by  science,  and  they  must 
lie  answered  before  agriculture  can  be  said  to  rest  upon  a  satis- 
factory foundation. 

Independently  of  the  money  which  must  annually  be  lost  in  fruit- 
less experiments,  the  disadvantages  attending  the  want  of  fixed  rules 
in  agriculture  are  many.  Numbers  of  men  possessing  capital  are 
deterred  from  farming  by  the  proverbial  uncertainty  of  the  profits 
attending  it ;  and  many  who  follow  the  profession  of  agriculture, 
and  have  the  means,  will  not  freely  embark  their  money  on 
the  improvement  of  their  farms,  for  want  of  that  knowledge 
which  would  enable  them  to  calculate  their  returns  with  any  de- 
cree of  certainty.  Hence,  too,  the  tenant  farmer  is  frequently 
compelled  to  adopt  a  rotation  of  crops  entirely  prejudicial  to  his 
interest,  retained  only  because  it  happened  to  be  the  custom  of 
our  ancestors  a  century  ago,  while  trie  same  rotation  is  enforced 
upon  the  farmer  who  expends  8/.  an  acre  on  his  land,  as  upon 
him  who  expends  only  8/. 

Liebig's  work  on  Agricultural  Chemistry,  published  in  the 
year  1840,  attracted  very  generally  the  attention  of  British  agri- 
culturists. In  those  pages  they  were  first  made  acquainted  with 
the  important  aid  they  were  likely  to  obtain  from  the  science  of 
chemistry  applied  to  the  cultivation  of  the  soil.  The  work  of 
Sir  Humphrey  Davy  upon  the  same  subject  can  hardly  be  said  to 
have  influenced  the  practice  of  agriculture.  He  applied  the 
knowledge  of  chemistry,  as  it  then  existed,  with  his  usual  sagacity, 
but  at  the  period  in  which  he  wrote  organic  chemistry  was  quite 
in  its  infancy.  The  labours  of  the  German  and  French  chemists 
during  the  last  thirty  years  have  principally  been  directed  to  the 
study  of  organic  chemistry,  which  owes  its  present  important 
position  to  the  number  of  accurate  analyses  they  have  given  to  the 
world.  It  is  much  to  be  regretted  that  Liebig  should  have 
altered,  in  the  third  edition  of  his  work,  so  many  of  the  views  and 
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opinions  laid  down  in  the  first ;  or  that  a  hasty  visit  to  England, 
during  which  (as  lie  says  in  his  preface)  he  made  himself  ac- 
quainted with  practical  agriculture,  should  have  caused  him  to 
pronounce  as  valueless  the  experiments  of  Boussingault,  whose 
opinions  are  entitled  to  respect,  as  coining  from  one  in  whom 
are  combined  the  scientific  chemist  and  the  practical  farmer. 
Without  entering  into  the  merits  of  the  different  opinions  main- 
tained by  these  distinguished  chemists,  I  may  here  observe  that 
many  of  the  errors  into  which  Liebig  has  fallen,  have,  I  think, 
arisen  from  his  not  sufficiently  considering  what  agriculture  really 
is.  Practical  agriculture  consists  in  the  artificial  accumulation  of 
certain  constituents  to  be  employed  eitlier  as  food  for  man  or  other 
animals,  upon  a  space  of  ground  incapable  of  supporting  them  in  its 
natural  state.  This  definition  of  agriculture  is,  I  think,  import- 
ant, as  distinguishing  English  agriculture  at  least  from  the  system 
pursued  in  various  parts  of  the  world,  where  the  population  is 
small  and  the  land  of  little  value,  viz.,  of  taking  only  the  natural 
produce  of  the  soil,  without  any  effort  to  increase  it,  and  in  time 
abandoning  ib  for  a  soil  as  yet  undisturbed.  If  Liebig  had  suffi- 
ciently considered  this  distinction,  he  would  not  have  assumed 
that  certain  substances  employed  as  manures  are  of  little  value, 
because  plants  and  trees  in  their  natural  state,  are  capable  of 
obtaining  them  in  sufficient  quantity  for  their  use.  The  great 
problem  to  be  solved  with  regard  to  manures  is,  what  substances 
is  it  necessary  to  supply  to  the  soil  in  order  to  maintain  a  re- 
munerative fertility  ?  The  solution  of  this  question  appears  easy 
enough,  regard  being  liad  only  to  the  composition  of  the  crops 
removed.  Practically  there  are,  however,  great  difficulties  attend- 
ing it,  which  can  only  be  entirely  overcome  by  a  long  series  of 
careful  and  costly  experiments.  If  the  ash  theory  advanced  by 
Liebig,  and  so  industriously  propagated  by  his  pupils,  were 
founded  on  truth,  a  careful  examination  of  the  ashes  of  plants,  and 
a  few  simple  calculations  upon  the  amount  of  mineral  substances 
exported  from  the  soil  in  corn,  meat,  &c,  would  at  once  enable 
us  to  explain  and  remedy  the  exhaustion  of  our  soils.  The 
fanner,  when  he  sends  his  load  of  wheat  to  market,  would  bring 
back  the  few  pounds  of  minerals  which  the  wheat  contained,  and 
the  return  of  these  to  the  soil  would  enable  him  to  produce  the 
same  amount  of  wheat  for  the  market  the  following  year.  Un- 
fortunately, however,  the  ground-work  upon  which  this  theory  is 
raised  is  unsound,  when  agriculture,  as  distinguished  from  natural 
vegetation,  forms  the  subject  of  consideration. 

Agricultural  plants,  which  practice  has  shown  to  differ  widely 
from  each  other  in  their  respective  relations  to  soil,  climate 
manuring,  and  position  in  rotation,  possess  at  the  same  time 
widely  differing  powers  of  reliance  upon  the  atmosphere  for  the 
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constituents  which  it  is  known  to  supply  in  a  greater  or  less  de- 
gree. If  grain  crops  held  the  same  relation  to  natural  and  arti- 
ficial supply  of  their  organic  constituents,  as  the  leguminous  plants 
and  turnips,  the  farmer  would  not  require  the  assistance  of  the 
latter  crops  ;  but  since,  compared  with  these,  the  grain  crops  are 
in  some  important  respects  far  more  dependent  upon  artificial 
supply  to  the  soil  of  certain  organic  constituents,  of  which  the 
price  is  high  and  the  supply  limited,  it  becomes  necessary  to 
employ  certain  plants  which  possess  the  power  of  collecting  these 
ingfredients  from  the  atmosphere,  and  such  procedure  constitutes 
a  rotation  of  crops. 

For  some  years  past  I  have  been  engaged  in  a  very  extensive  series 
of  experiments  upon  my  farm,  with  a  view  to  determine  some  of 
the  more  important  questions  which  are  constantly  arising  in  the 
minds  of  agriculturists.  It  would  be  impossible  in  a  paper  of 
this  description  to  enter  into  a  detail  of  the  plan  I  have  pursued 
in  conducting  these  experiments.  Keeping  in  mind  the  motto  of 
the  Society,  '  Practice  with  science?  I  shall  now  merely  select 
those  results  which  bear  most  upon  practical  agriculture,  and 
which  appear  to  me  most  suitable  to  my  present  purpose.  The 
greater  portion  of  these  experiments,  and  the  various  points  of 
science  connected  with  them,  will  be  discussed  with  more  pro- 
priety in  an  independent  work.  The  views  which  I  have  adopted, 
and  "which  I  shall  now  endeavour  to  explain,  have  arisen  during 
the  course  of  these  experiments ;  but  it  is  very  probable  I  shall 
have  reason  to  modify  them  as  the  investigation  proceeds. 

I  certainly  place  great  reliance  on  the  experimental  results 
which  I  possess ;  every  operation  has  been  conducted  under  the 
eye  of  Dr.  Gilbert,  a  gentleman  who  received  his  scientific  edu- 
cation in  the  best  British  and  continental  laboratories,  and  has 
applied  that  accuracy  which  modern  science  demands,  both  to  the 
operations  of  the  laboratory  and  the  field. 

In  the  first  place  I  shall  offer  some  general  remarks  upon  the 
growth  and  nature  of  the  common  agricultural  plants,  and  after- 
wards endeavour  to  show  the  effect  of  manures  upon  them. 

The  crops  which  form  a  rotation  belong,  botanically  speaking, 
for  the  most  part  to  the  three  following  natural  orders  of  plants:  — 
The  GraminetB,  containing  wheat,  barley,  oats,  rye,  and  the 
grasses  which  constitute  our  natural  pastures;  the  Leguminom, 
containing  beans,  peas,  tares,  lucerne,  clover,  trefoil,  saintfoil, 
&c. ;  and  the  Crucifera,  containing  turnips  and  rape.  The 
Manw,  yielding  the  potato,  and  the  Umbdliforco^  carrots  and 
parsnips  may  also  be  noticed.  For  the  purposes  of  agriculture, 
however,  a  different  system  of  classification  might  be  adopted  with 
advantage,  having  reference  to  the  organ  or  part  of  the  plant  which 
is  the  object  of  cultivation.  In  clover,  tares,  and  pasture,  we 
generally  require  leaf  and  stem,  which  may  be  termed  the  primary 
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organs  of  plants ;  in  the  turnip  we  require  the  bulb  or  intermediate 
organ  ;  and  in  the  grain  crops,  peas,  beans,  &c,  the  ultimate 
organ,  the  seed. 

In  considering  this  subject  it  is  necessary  to  bear  in  mind  that 
the  natural  aim  of  every  plant  is  to  produce  a  perfect  seed,  and 
that,  when  growing  in  a  soil  and  climate  adapted  to  its  special 
habits  and  peculiarities,  it  produces  no  more  of  each  organ  than  it 
requires  for  the  healthy  perpetuation  and  reproduction  of  seed. 
When  the  leaf  has  fulfilled  its  office,  the  nutritious  fluids  circu- 
lating through  it  are  withdrawn,  and  it  decays  or  dries  up. 
These  fluids  enter  into  the  stem,  and,  rising  higher  and  higher, 
are  at  length  deposited  in  the  seed.  Plants  are  therefore  required 
by  agriculturists  in  two  distinct  conditions,  one  in  which  the 
nourishment  is  more  or  less  circulatory,  the  other  in  which  it  is 
fully  elaborated  and  deposited :  in  one  case  water  constitutes 
above  three-fourths  of  the  weight  of  the  produce ;  in  the  other  it 
does  not  generally  amount  to  one-fifth.  Although  the  agricul- 
turist possesses  the  means  of  developing  the  circulatory  or  elabo- 
ratory  conditions  of  plants  by  manures  and  mechanical  operations, 
climate  exerts  the  greatest  influence  over  them.  By  climate  I 
mean  the  quantity  of  rain  that  falls,  the  number  of  days  on  which 
it  falls,  ana  the  temperature  during  the  period  when  the  plant  is 
actively  growing  or  forming  seed. 

As  the  experiments  to  which  I  am  about  to  refer  were  per- 
formed during  the  seasons  of  1844,  5,  and  6,  I  wish  to  make  a 
few  observations  upon  the  climate  of  each  season,  and  to  show 
how  the  general  condition  of  the  crop  was  influenced  by  it.  The 
temperature  and  fall  of  rain  I  have  taken  from  the  tables 
published  by  the  Horticultural  Society  at  Chiswick,  from  which 
my  farm  is  little  more  than  20  miles  distant,  consequently  the 
climate  may  be  said  to  be  nearly  identical. 


Table  I. 


Number  of  days'  Rain  during  30  wks.  and  4  days. 

Inches  of  Rain  during  80  weeks  and  4  day*. 

1844 

1845 

1846 

1844 

1845 

1846 

April . 

7 

15 

18 

April 

033 

099 

384 

May  .     .  . 

7 

21 

10 

May . 

026 

2*88 

l-3.i 

June  . 

10 

8 

2 

June 

0-97 

0-98 

0-64 

July  .     .  . 

10 

21 

16 

July.     .  . 

1-94 

216 

1-60 

August 

16 

21 

17 

August  . 

2-00 

3-32 

4-82 

September 

12 

11 

6 

September 

127 

1-68 

1-39 

October  . 

19 

13 

24 

October  . 

419 

1-48 

5-50 

81 

110 

93 

1096 

1349 

1914 
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il.an  Temperature  daring  30  weeks  and  4  days. 

Mean  Temperature  above  or  below  average. 

April . 
M.j  . 

June  . 

July  .     .  . 
August 
September 
October  . 

1844 

1845 

1846 

April 

May .     .  . 
June. 

July.     .  . 
August  . 

1844 

1845 

1846 

51  1 
54-2 
62-3 
64  3 
60*4 
60  0 
502 

483 
495 
618 
620 
589 
55*2 
512 

47*0 
55-7 
663 

64-  7 

65-  2 
62*5 
527 

4  above 
4  below 
2 above 
1*6  above 
22below 

1*0  above 
1*8  above 
0*9  below 
0*9  below 
46  below 

Averag 
3  above 

6}  above 
2  above 

27  abov 

575 

55*3 

591 

The  season  of  1844  was  remarkable  for  bad  crops  of  hay,  clover, 
late-sown  barley,  and  oats,  very  line  wheat  with  very  short  straw, 
and  average  turnip  crop.  In  1845  there  was  abundance  of  hay 
and  clover,  bad  quality  of  wheat,  abundance  of  straw,  and-  one  of 
the  largest  crops  of  turnips  ever  known.  In  1846  the  grass  and 
first  crops  of  clover  were  unusually  abundant,  wheat  was  of  very 
tine  quality,  straw  moderate,  turnips  deficient.  Of  course,  there 
are  plenty  of  exceptions  to  what  1  have  stated,  and  these  remarks 
do  not  apply  to  those  places  in  which  the  climate  varies  much  from 
that  of  London  ;  but  I  nave  given  what  I  believe  to  be  the  general 
character  of  the  crops  within  a  circle  of  100  miles  from  London. 

The  soil  upon  which  my  experiments  were  tried  consists  of 
rather  a  heavy  loam  resting  upon  chalk,  capable  of  producing 
poud  wheat  when  well  manured,  not  sufficiently  heavy  for  beans, 
hut  too  heavy  for  good  turnips  or  barley.  The  average  produce 
of  wheat  in  the  neighbourhood  is  said  to  be  less  than  22  bushels 
per  acre,  wheat  being  grown  once  in  five  years.  The  rent  varies 
from  20s.  to  26s.  per  acre,  tithe  free.  The  fields  selected  for 
purposes  of  experiment  had  been  reduced  to  the  lowest  state  of 
fertility  by  removing  a  certain  number  of  corn  crops  without  ap- 
plying any  manure,  and  wheat  and  turnips  were  chosen  for  the 
subjects  of  investigation.  The  wheat-field  consists  of  14  acres, 
the  crops  removed  since  it  was  manured,  barley,  peas,  wheat,  oats. 
In  1844,  the  first  experimental  wheat  crop  was  harvested,  and  the 
fourth  is  now  growing.  The  turnip-field  had  not  long  been 
taken  in  hand,  and  was  known  to  be  in  so  poor  a  condition  that  it 
was  at  once  put  under  experiment,  and  in  1843  the  first  crop  of 
turnips  was  sown,  and  they  have  been  continued  each  year  since, 
the  produce  being  removed  and  weighed.  The  wheat-field  was 
divided  into  a  certain  number  of  equal  spaces,  of  which  one  has 
t>een  left  unmanured,  and  one  received  14  tons  of  dung  every 
year;  the  remainder  of  the  plots  received  different  descriptions 
and  quantities  of  artificial  manures. 
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Table  2. 


1844 

1845 

1846 

No.  of  Days'  Rain  during  April  and  May  (Grass  ) 
No.  of  Days'  Rain  from  May  to  end  of  August — 17  I 
No.  of  Days'  Rain  from  June  to  end  of  October — 21  f 

14 

43 
f>7 

3(1 
71 
74 

28 
45 
*>."> 

Inches  of  Rain  during  April  and  May  (Grass  Season) 
Inches  of  Rain  from  May  to  end  of  August — 1 7 weeks  | 

Inches  of  Rain  from  June  to  end  of  October— 21  weeks  | 

o-r>» 

517 
10*37 

3-87 
934 

519 
841 

13  95 

Mean  Temperature  during  April  and  May  (Grass  ) 

Mean  Temperature  from  May  to  end  of  August — 17  / 

weeks  (Grain  Season)  1 

Mean  Temperature  from  June  to  end  of  October — 21  / 

32'li 
W3 

r>9-4 

48-D 
582 

:>7-8 

50-5 
(131 
622 

Temperature  above  or  below  average  from  May  to  ) 
end  of  August  (Grain  Season)     ....  1 

above 
09 

below 
21 

above 
32 

The  above  table  gives  the  climate  of  the  three  years  from  the 
beginning  of  May  till  the  end  of  October.  I  have  considered 
the  climate  as  affecting  the  grass  to  be  that  of  April  and  May; 
wheat-climate  to  commence  with  May  and  end  with  August ; 
turnip  season  to  begin  with  June  and  end  with  October  : — 

It  will  be  seen  that  the  two  spring  months  of  1844,  April  and 
May,  were  unusually  dry  ;  the  quantity  of  rain  and  the  number 
of  days  in  which  it  fell  were  both  small ;  the  summer  was  hot 
and  dry,  and  the  autumn  moderately  rainy.  An  entire  absence 
of  the  climate  necessary  for  an  enhanced  accumulative  and  cir- 
culating condition  of  plants  prevented  the  favourable  growth  of 
the  spring  crops,  and  a  hot  and  dry  summer  favoured  the  depo- 
siting and  elaborative  condition,  and  produced  good  quality  of 
grain.  In  1845  the  great  number  of  wet  days  and  the  low  tem- 
perature of  the  summer  were  highly  favourable  to  a  circulatory 
condition  of  the  plant,  consequently  green  crops  of  every  de- 
scription and  straw  were  unusually  abundant,  and  grain  of  Iwd 
quality.  In  184(>  the  spring  was  very  favourable  to  a  circulating 
condition,  producing  luxuriant  crops  of  grass  and  clover.  The 
month  of  June,  when  the  grain  was  forming  seed,  had  a  tenqwra- 
turc  6^°  above  the  average,  with  only  two  days  in  which  rain  fell, 
and  produced  very  fine  quality  of  grain.  The  inferior  crojw  of 
turnip  obtained  that  year,  notwithstanding  the  large  total  amount 
of  ram,  arose  from  the  almost  entire  absence  of  rain  for  thirty-one 
successive  days,  twice  during  the  season.  From  May  21st  to 
June  21  at  no  rain  fell,  and  from  August  22nd  to  »September  21st 


On  Agricultural  Chemhtry. 


9 


tkre  were    only   three  days'  rain,  amounting  to  less  than  one- 

tenih  of  an  inch. 

The  following  table  indicates  the  effect  of  climate  upon  the 
quantity  and  quality  of  the  produce  of  the  unmanured  plots  of 
the  experimental  wheat-field  (during  three  seasons);  the  average 
results  of  the  variously  manured  plots  are  also  given  : — 


1844 

1845 

1846 

Corn,  per  acre,  in  bushels,  pecks,  and  quarters* 

Weight  of  dressed  corn,  per  bushel,  in  pounds  . 
Proportion  of  corn  to  straw  (straw  1000)     .  . 

16 
1120 
384 
824 

23 
2712 
564 
531 

.  17.   3.  3 
1513 
63J 
797 

Mean  of  all  the  plots — 
Weight  of  dressed  corn,  per  bushel,  in  pounds 
Proportion  of  corn  to  straw  (straw  1000)  . 

60J 
868 

564 
4D9 

63 
765 

The  effect  of  the  climate  of  these  three  seasons,  as  indicated 
in  this  table,  is  quite  in  accordance  with  the  general  character  of 
those  seasons.  The  lowest  weight  of  the  bushel  and  the  greatest 
amount  of  straw  were  obtained  in  that  season  which  had  the 
greatest  number  of  rainy  days,  and  the  lowest  temperature ;  the 
least  amount  of  straw  with  the  driest  season,  and  the  finest 
quality  of  grain  in  the  hottest  summer.  On  comparing  the  pro- 
portion of  grain  to  straw  and  the  weight  per  bushel  of  the  corn 
obtained  from  the  unmanured  space,  with  the  average  results  of 
the  various  experiments,  it  will  be  seen  how  much  they  agree  one 
with  another,  and  this  is  the  more  remarkable  as  manures  of  the 
most  varied  kinds  were  employed,  some  of  which  doubled  the 
natural  production  of  the  soil. 

It  is  highly  important  that  experiments  should  be  tried  in  dif- 
ferent parts  of  England,  having  reference  to  the  effect  of  climate 
upon  produce.  A  rain  gauge  and  a  registered  thermometer  is  all 
the  apparatus  required.  If  half  an  acre  of  the  different  crops  on 
a  farm  were  carefully  weighed,  and  the  relation  of  com  to  straw, 
leaf  to  bulb,  and  the  quality  of  grain  estimated,  we  should  in  a 
few  years  be  put  in  possession  of  sufficient  data  to  enable  us  to 
speak  with  certainty  upon  this  subject.  It  would  then  be  seen 
that  each  shower  of  rain  and  each  change  of  temperature  had  an 
effect  upon  vegetation,  which,  when  once  ascertained,  might 
always  be  calculated  on.  The  farmer  would  be  able  to  make  an 
estimate  of  the  quality  and  produce  of  his  crops  before  a  grain 
had  been  removed  from  his  field.  Even  with  the  information 
obtained  by  a  careful  examination  of  the  above  table,  it  is  hardly 
to  be  doubted  that  the  farmers  in  Scotland  and  in  the  north  and 
west  of  England  can  produce  turnips  of  finer  quality  and  at  less 
expense  than  those  who  dwell  in  the  middle  and  south  of  England, 
and  that  the  farmer  in  the  south  of  England  can  produce  the  best 


*  1844  total  corn,  1845  and  1846  dressed  corn  only. 
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corn.  By  the  application  of  capital  and  skill  an  artificial  climate 
may,  to  a  certain  extent,  be  obtained.  I  shall  point  out  some  of 
the  means  to  be  employed  when  speaking  on  the  subject  of 
manures.  But  where  equal  means  are  employed  I  think  a  farm 
upon  which  there  are  a  certain  number  of  rainy  days  in  the 
summer  and  autumn  possess  advantages  in  the  production  of 
green  crops  over  another  farm  upon  which  the  average  amount  of 
rainy  days  is  less ;  and,  on  the  contrary,  where  the  least  number 
of  rainy  days  and  the  highest  temperature  exist,  corn  of  the  best 
quality  can  be  produced.  The  summer  of  1846,  with  a  mean 
temperature  of  more  than  three  degrees  above  the  average  of  the 
climate  of  England,  having  produced  grain,  weighing  63|lbs.  per 
bushel,  upon  any  soil  from  which  seven  unmanured  corn  crops 
had  been  removed,  proves  undoubtedly  that  high  quality  of  grain 
to  a  great  extent  is  determined  by  climate  independently  of  the 
action  of  manures.  We  should,  therefore,  expect  that  those 
countries  enjoying  a  hotter  and  drier  summer  than  our  own  would 
produce  corn  of  superior  quality,  and  such,  indeed,  is  the  case.  In 
spite  of  the  WTetched  system  of  agriculture  which  prevails  in 
Spain,  Russia,  Poland,  and  Sicily,  the  quality  of  their  corn  will 
bear  comparison  with  that  which  the  skill  and  knowledge  of  the 
British  agriculturist  can  secure.  The  climate  of  Australia  com- 
bines in  an  eminent  degree  the  small  amount  of  rain  and  the 
high  temperature  necessary  for  the  perfect  development  of  corn, 
and  the  wheats  imported  from  that  island  obtain  a  price  in  the 
market  very  much  beyond  those  of  English  growth.  The  follow- 
ing table  gives  the  average  climate  of  Australia  compared  with 
that  of  London  during  the  summer  : — 


London. 

Adelaide. 

Mean  temperature   

00 

849 
60- 

19 
3*88 
79  F 

Although  in  producing  good  quality  of  corn  the  farmer  labours 
under  a  disadvantage  with  regard  to  climate  in  England,  its  low 
temperature  and  moisture  are  exactly  suited  for  our  turnip  crops, 
and  the  advantage  which  he  derives  from  this  plant  more  than 
counterbalances  the  inferior  quality  of  his  grain. 

AVe  now  arrive  at  another  important  question — What  is  meant 
by  quality  of  wheat  ?  Does  it  depend  upon  the  weight  per 
bushel,  or  specific  gravity  of  the  grain  ?  and  if  so,  does  this  spe- 
cific gravity  bear  any  relation  to  the  per-centage  of  gluten  and 
albumen ;  that  is  to  say,  to  the  most  highly  nutritive  constituents 
of  the  grain  ?  Before  entering  into  a  consideration  of  this  subject 
it  may  be  as  well  to  state  the  opinions  generally  held  regarding  it. 
The  grain  is  composed  of  a  variable  proportion  of  protein  com- 
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pounds,  gluten  and  albumen ;  and  carbonaceous  compounds, 
comprising  starch,  sugar  gum,  oil,  &c.  The  protein  compounds 
are  employed  in  the  organism  of  man  and  other  animals  in  form- 
ing flesh,  while  the  carbonaceous  compounds  supply  heat  and 
form  fat.  The  protein  compounds  being  of  much  the  greatest 
importance  to  the  animal  economy,  it  has  been  generally  sup- 
I*ised  that  the  value  of  different  descriptions  of  wheat  depends 
upon  the  amount  of  gluten  and  albumen  which  they  contain ; 
that  the  wheats  of  hot  climates  contain  a  greater  proportion  of 
these  substances  than  our  own ;  that  for  this  reason  the  miller 
purchases  them  at  a  higher  price  ;  and  that  by  employing  rich 
manures  the  farmer  is  enabled  to  increase  the  per-centage  of 
gluten  in  his  corn.  To  the  agriculturist  it  is  of  little  importance 
that  his  wheat  is  rich  in  protein  compounds,  unless  they  increase 
its  value  in  the  market.  Now  millers,  who  are  his  principal 
customers  know  nothing  about  gluten  and  starch ;  they  judge 
by  the  eye  alone,  and  give  the  highest  price  for  tliat  which  will 
yield  the  greatest  proportion  of  flour.  The  following  table  de- 
monstrates that  the  value  of  different  samples  of  wheat  does  not 
depend  upon  the  per  centage  of  nitrogen  which  they  contain.* 


No*. 

Season. 

General  Remarks  upon  the  History  of  the 
Specimens. 

Per 
Centage  of 
Nitrogen 
in  Dry 
Matter. 

Price  per  Qr. 
according  to 
present  rates 

adjudged 
by  Miller  and 
Corn  Factor. 

1 

1844 

Grown  by  Superphosphate  of  Lime  .  . 
As  No.  1 ,  with  ammonia  Salts  .... 

303 

ft. 

84 

2 

265 

Sfi 

3 

1846 

1-81 

96 

4 

As  No.  3,  with  Ammoniacal  Salts  .    .  . 

1-69 

92 

As  No.  3,  with  Rape  Cake  

1-89 

88 

<; 

»» 

As  No.  3,  with  Rape  Cake  and  Ammo- 1 

1-88 

»• 

Exhausted  Soil,  Unmanured  

1-95 

92 

K 

..           „     with  Ammoniacal  Salts 

2*01 

92 

9 

i» 

„                with  Rape-cake   .   .  . 

1-85 

92 

10 

♦» 

.,          .,     with   Rape-cake   and ) 

1-93 

92 

11 

•j 

112 

12 

Xo.  2  

1-94 

112 

13 

i* 

*o.  3  

2-38 

112 

From  this  table  it  is  evident  that  the  samples  of  wheat  most 
approved  by  the  miller  are  by  no  means  those  which  are  richest 
in  nitrogen.  His  choice  is  directed  to  those  samples  which  have 
the  character  of  a  perfectly  developed  grain,  small,  plump,  and 
thin-skinned.    But  laying  aside  the  evidence  of  experiment  or 


*  The  wheat  employed  as  seed  in  these  experiments  was  the  Old  Red 
Lammas;  nearly  2  bushels  were  drilled  per  acre.  The  crops  of  1844  and 
1S46  were  sown  in  September,  and  that  of  1845  in  March. 
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common  usage,  would  it  not  be  more  consonant  with  general 
principles  to  suppose  that  a  class  of  plants  proverbially  character- 
ized as  yielding  starchy  seeds,  and  whose  predominant  peculiarity 
it  is  to  produce  carbonaceous  substances,  should,  in  their  most 
perfect  state  of  development,  be  rich  in  starch  rather  than  in 
gluten  and  other  nitrogenous  compounds  ?  We  might,  indeed, 
expect  to  find  the  proportion  of  gluten  and  starch  vary  in  dif- 
ferent species  of  wheat,  and  in  the  same  species  under  the  effect 
of  different  climates  and  seasons ;  but  the  more  perfectly  the 
grain  has  been  developed  the  richer  in  starch  and  the  poorer  in 
nitrogen  it  would  become,  and  millers  who  prefer  a  perfectly 
developed  grain  probably  pay  the  highest  price  for  that  which 
contains  the  most  starch. 

That  the  gluten  and  albumen  in  wheat  would  increase  in  pro- 
portion to  the  richness  of  the  soil  and  to  the  amount  of  nitrogen 
and  ammonia  supplied  in  the  manure  seems  so  reasonable  a  sup- 
position that  its  correctness  is  admitted  without  dispute ;  and 
various  experiments  have  been  tried  which  appear  to  favour  this 
opinion.  Boussingault,  in  his  *  Rural  Economy,'  says,  that  wheat 
planted  in  an  open  field  gave  2*29  per  cent,  of  nitrogen,  equiva- 
lent to  14\31  per  cent,  of  gluten  and  albumen,  while  that  planted 
in  a  rich  garden  soil  gave  3*51  of  nitrogen,  or  21*94  of  gluten 
and  albumen  ;  and  Hermstadt  obtained  from  wheat  grown — 

In  a  soil  unmanured    ...     9  per  cent,  of  gluten. 
In  a  soil  manured  with  cow-dung  .    12  ditto. 

sheep  ditto  .    22*9  ditto. 

, ,  bullock's  blood  35  ditto. 

,,  urine  .       .    3G  ditto. 

It  is  not  stated  how  the  gluten  and  albumen  were  determined, 
but  it  is  not  improbable  that  some  mechanical  process  was  em- 
ployed ;  at  all  events,  I  have  great  doubts  alxnit  the  accuracy  or 
the  completeness  of  the  experiments.  Thirty-five  per  cent,  of 
gluten  would  be  equivalent  to  nearly  (>  per  cent,  of  nitrogen,  a 
quantity  certainly  greater  than  wheat  ever  contains.  My  own  ex- 
periments do  not  give  the  slightest  indication  of  an  increase  in  the 
percentage  of  the  nitrogenous  constituents  of  wheat  grain  by  the  em- 
ployment of  ammoniacal  manures.  That  the  acreage  produce  of  nitro- 
gen in  the  crop  bears  a  certain  relation  to  the  ammonia  supplied  in  the 
manure  is  very  evident ;  but  the  per  centage  of  nitrogen  in  the 
grain  cannot  be  increased  by  means  of  it.  In  some  experiments, 
the  quantity  of  ammonia  supplied  by  the  manures  was  from  Go 
to  70  lbs.  per  acre,  and  in  some  instances  more ;  but  the  analyses 
give  no  evidence  of  an  increased  per  centage  of  nitrogen  by  its 
supply,  and  the  highest  amount  obtained  in  the  series  was  from 
an  experiment  where  no  ammonia  was  supplied  in  the  manure. 

Dr.  R.  D.  Thomson,  in  his  "Experimental  Researches  on  the 
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food  of  Animals,"  says,  "  It  is  a  sufficiently  remarkable  fact,  that 
oats  iucrease  in  nutritive  power  in  proportion  to  the  increase  of 
latitude  within  certain  limits,  while  wheat  follows  an  inverse  law." 
He  seems  here  to  have  adopted  the  prevailing  opinion  that  the 
finest  descriptions  of  wheat  contain  the  most  nourishment.  The 
uat,  which  is  capable  of  thriving  in  a  moister  and  colder  climate 
than  either  wheat  or  barley,  would  undoubtedly  contain  more 
nourishment  when  grown  in  high  latitudes,  simply  l>ecause  the 
climate  is  not  favourable  to  the  production  of  the  important  car- 
bonaceous compound  of  gramineous  seeds,  starch.     But  with  the 
most  favourable  condition  of  soil  and  climate  the  grain-producing 
plants  are  undoubtedly  governed  by  one  and  the  same  law. 

Although  I  have  not  at  present  traced  the  changes  which  take  place 
during  the  growth  of  wheat,  it  appears  to  me  that  when  sown  in 
a  soil  containing  abundance  of  azotized  matter  it  employs  this 
substance  at  first  in  extending  its  leaf,  and  that  where  an  excess 
of  ammouia  is  supplied  the  production  of  leaf  is  increased  to  an 
extent  greatly  injurious  to  the  next  operation  of  the  plant,  which 
is  to  produce  stem.  If  an  excess  of  ammonia  is  added  late  in 
the  spring  the  plant  will  no  longer  increase  in  leaf,  but  in  stem 
or  straw,  which  also  may  be  increased  to  an  injurious  extent. 
When  the  azotized  and  mineral  matters  are  properly  balanced, 
the  plant  will  produce  no  more  of  each  organ  than  is  essentjal  to 
the  favourable  production  of  its  seed.  Up  to  the  period  of 
blooming  the  compounds  of  nitrogen  derived  from  ammonia  are 
probably  in  a  fluid  or  suspended  state,  circulating  through  the 
whole  of  the  plant ;  but  to  what  extent  starch  exists  in  the  plant 
at  this  period  is  doubtful.  When  the  time  of  blooming  is  passed, 
it  is  probable  that  the  wheat  derives  but  little  nourishment  from 
the  soil,  at  all  events,  if  a  crop  shows  symptoms  of  poverty,  it  is 
always  before  this  period.  The  circulating  condition  which  has 
prevailed  throughout  the  plant,  is  now  changed,  and  under  a 
favourable  condition  of  climate  (heat,  light,  and  dryness)  an 
elaborative  action  commences ;  the  compounds  of  nitrogen  are 
withdrawn  from  the  leaf  and  stem,  and  deposited  in  the  seed, 
while  starch  is  accumulated  in  a  hard  granular  form.  This  de- 
posit of  starch  only  takes  place  perfectly  under  the  influence  of  a 
nigh  temperature;  the  seed  is  then  hard,  dry,  and  plump.  In  a 
cold  and  wet  summer  the  interstices  of  the  grain  are  not  perfectly 
tilled ;  watery  fluids  occupy  the  place  of  starch,  and,  when  these 
have  evaporated,  the  grain  is  thin  and  shrunk.  The  wheat  that 
is  grown  in  a  wet  summer  might  therefore  contain  as  high  a  ]>er 
centage  of  nitrogenized  matters  dependent  on  the  sap  as  that  pro- 
duced during  a  hot  and  dry  season.  The  formation  and  elabora- 
tion of  starch  and  other  carbonaceous  compounds  which  for  the 
most  part  supply  man  with  his  respiratory  or  heat-producing 
elements,  are,  it  seems,  greatly  favoured  by  a  hot  climate,  and  it  is 
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probable  that  the  heat  capable  of  being  eliminated  by  the  process 
of  animal  respiration,  must  first  have  been  rendered  latent  during 
the  growth  of  the  plant. 

Looking  at  the  present  state  of  man's  existence  on  the  earth, 
it  may  appear  improbable  that  the  value  of  corn  should  ever  be 
in  proportion  to  its  carbonaceous  product.  A  time  may  arrive, 
however  remotely,  when  the  surface  of  the  earth  will  be  peopled 
with  men  very  far  advanced  both  in  their  moral  and  physical 
condition,  compared  with  its  present  occupants.  Bread  and  meat 
will  then  constitute  the  chief  sources  of  food — the  one  supplying 
respiration,  the  other  nutrition ;  and  they  will  doubtless  bear  a 
more  philosophical  relation  to  each  other  all  over  the  world  than 
at  present.  The  system  of  cultivation  in  England  may  be  con- 
sidered as  tending  to  such  a  result  more  nearly  than  that  of  most 
other  countries,  and  if  the  principles  which  it  involves  were 
properly  understood  and  carried  out,  we  might  become  inde- 
pendent of  foreign  supplies,  even  if  our  population  were  much 
greater  than  it  is  now.  I  have  before  stated  that  the  ammonia  in 
a  manure  is  employed  by  grain-plants  to  develop  carbonaceous 
products :  the  same  principle  is  apparent  in  the  economy  of 
animals.  Dr.  R.  D.  Thomson,  in  his  experiments,  found  thab 
the  cow  which  received  the  largest  amount  of  nitrogen  in  its 
food  •  produced  the  greatest  weight  of  butter ;  and  the  general 
experience  of  agriculturists  ascribes  the  most  fattening  properties 
to  those  substances  which  contain  the  greatest  proportion  of 
nitrogen.  Although  ammoniacal  manures  favour  the  elaboration 
of  carbonaceous  matters  in  grain,  we  might  expect  to  find  a  dif- 
ferent result  in  examining  the  seeds  of  the  leguminous  plants. 
The  peculiarity  of  these  plants  is  to  produce  a  seed  containing 
a  highly  nitrogenous  element,  called  legumen.  Tn  our  own 
experiments  we  find  grain  in  the  driest  state  contains  one  and 
two,  but  rarely  three  per  cent,  of  nitrogen.  TVe  find  in  the  dry 
substance  of  clover-seea  as  much  as  7  per  cent.,  and  in  beans  and 
peas  5  per  cent.  The  proportion  of  nitrogen  in  the  seeds  of 
these  plants  would,  therefore,  probably  increase,  within  certain 
limits,  under  the  influence  of  ammoniacal  supply.  The  following 
results  obtained  by  Dr.  Gilbert  seem  to  favour  this  view  : — 


Per  ccntage  of 

Nitrogen 
in  Dry  Matter. 

Exp.  1. 

Exp.  2. 

477 

511 

4-78 

509 

In  the  seeds  of  cruciferous  plants,  turnips  and  rape  for  ex- 
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ample,  a  non-nitrogenous  product,  oil,  seems  to  abound,  and  we 
might  expect  that  ammoniacal  manures  would  tend  to  enhance  its 
production  in  such  plants,  in  like  manner  as  that  of  starch  is 
increased  in  the  seeds  of  the  gramineous  family.  Turnip-seed  is 
not,  however,  cultivated  in  England  with  a  view  to  its  oily  pro- 
ducts, and  I  have  only  investigated  the  effect  of  ammoniacal 
supply  upon  the  leaf  and  bulb  of  the  plant. 

In  reference  to  the  circumstances  under  which  the  formation 
of  the  special  product  of  plants  seem  to  be  increased,  a  few  re- 
marks upon  the  cultivation  of  sugar-cane  may  not  be  out  of  place, 
especially  as  there  are  so  many  agriculturists  in  this  country  who 
possess  property  in  the  West  Indies,  and  the  application  of 
scientific  principles  would  increase  the  production  of  sugar  and 
reduce  the  expense  of  its  cultivation  to  an  extent  not  very  readily 
imagined.  Although  sugar  is  found  in  almost  every  plant  at 
certain  periods  of  its  growth,  it  is  only  extracted  profitably  from 
three  or  four,  of  which  the  cane  is  the  most  important.  Sugar 
belongs  to  a  class  of  carbonaceous  substances,  all  of  which  are 
developed  in  the  greatest  perfection  in  the  hottest  regions. 
Among  these  are  starch,  gum,  and  oil ;  and  although  each  plant 
possesses  organs  necessary  to  perfect  its  peculiar  carbonaceous 
products,  the  same  laws  must  govern  the  formation  of  them  in 
all.  In  wheat  I  have  shown  that  the  carbonaceous  product, 
starch,  increases  with  a  supply  of  ammoniacal  manures,  under 
the  influence  of  a  high  temperature  and  the  absence  of  rain  ; 
owing,  however,  to  the  moisture  of  our  climate,  and  the  want  of 
that  temperature  which  is  required  for  producing  and  depositing 
starch,  there  are  difficulties  in  the  way  of  increasing  this  carbon- 
aceous compound,  which  would  not  be  met  with  if  the  same 
principles  were  applied  to  produce  sugar  in  the  cane.  If  I  could 
depend  upon  a  constant  climate  in  England  similar  to  that  of 
1846,  I  could  produce  annually  40  or  50  bushels  of  wheat  upon 
an  acre  with  the  same  facility  that  I  nowr  produce  33  or  34  ;  but 
as  it  is,  were  I  to  supply  the  proportion  and  quantity  of  mineral 
and  organic  manures  necessary  to  produce  50  bushels,  in  a  wet 
and  cold  summer — it  would  unduly  develope  the  circulating  con- 
dition of  the  plant,  its  vascular  structure  would  be  increased  to 
an  injurious  extent,  and  the  crop  would  be  laid.  Those  who 
farm  very  highly  have  often  experienced  this  misfortune,  and  con- 
sequently they  dread  a  wet  summer. 

To  the  fanner  whose  land  is  out  of  condition,  however,  a  wet 
summer  is  favourable,  inasmuch  as  it  increases  the  supply  of 
those  elements  of  wjnch  his  crop  is  in  need.  In  the  sugar-cane 
the  carbonaceous  product  is  required  in  a  circulating  condition  ; 
therefore  those  substances  should  be  applied  as  manures  which 
increase  the  vascular  action  of  the  plant :  at  the  same  time  the 
soil  should  be  rendered  as  dry  as  possible  by  draining.    In  soils 
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where  the  elements  of  fertility  exist  naturally,  or  where  they  are 
properly  supplied  in  the  manures,  the  richest  juice  and  largest 
amount  of  sugar  would  be  produced  in  the  driest  season.  In 
the  absence,  however,  of  the  proper  amount  of  organic  matter 
in  the  soil,  the  vital  actions  of  the  plant  would,  under  the 
same  climate  and  circumstances,  be  weakened.  The  combustion 
of  the  cane  for  fuel  is  a  process  which  cannot  be  too  much  con- 
demned. It  involves  the  necessity  of  a  much  greater  outlay  in 
manures  every  year  ;  for,  if  the  mineral  matter  which  remains  after 
combustion  is  restored  at  all  to  the  soil,  it  is  very  much  less 
efficacious  than  it  would  be  if  accompanied  by  the  substance  of 
the  cane  itself.  In  a  well-regulated  sugar  plantation,  non- 
nitrogenous  products  constitute  the  only  export  from  the  soil. 
The  nitrogenous  elements,  which  are  reuaered  insoluble  when  the 
juice  is  heated,  should  be  carefully  removed,  and  either  restored 
to  the  soil  directly  as  manure  or  after  being  employed  as  food  for 
animals. 

The  English  farmer  necessarily  suffers  an  exhaustion  of  his 
soil  from  the  removal  of  various  ingredients  which  have  not  place 
in  the  constitution  of  sugar.  In  grain  both  nitrogen  and  phos- 
phate are  exported,  both  of  which  must  be  restored  to  the  soil  in 
due  course.  We  hear  of  plantations  which  formerly  produced 
many  hundred  hogsheads  of  sugar,  now  producing  one-third  the 
quantity.  This  can  arise  from  nothing  but  exhaustion  of  the  soil. 
It  cannot  l>e  too  generally  known  that  the  elaboration  of  carbon - 
componnds  bears  a  very  constant  relation  to  the  supply  of  ammonia 
in  the  manure.  Every  pound  of  sugar  exported,  and  every  pound 
of  the  cane  which  is  burnt,  involve  the  necessity  of  a  supply  of 
ammonia  to  the  soil.  Taking  into  consideration  the  immense 
advantage  which  a  tropical  climate  affords,  and  the  comparatively 
high  price  of  the  product,  the  cultivation  of  sugar  offers  advan- 
tages for  the  profitable  employment  of  skill  and  capital  greatly 
superior  to  any  that  our  agriculturists  can  hope  for.  It  would 
however,  be  injudicious  and  improper,  in  defect  of  actual  experi- 
ments, to  attempt  to  lay  down  rules  in  detail  for  the  application 
of  a  principle  regarding  which,  as  such,  little  doubt  may  l>e  enter- 
tained. 

I  now  come  to  the  action  of  manures,  which  are  generally  di- 
vided into  two  classes — organic  and  inorganic.  Although  this  dis- 
tinction is  by  no  means  satisfactory,  I  shall  adopt  it  as  l>eing  gene- 
rally understood.  Organic  manures  are  those  which  are  capable 
of  yielding  to  the  plant,  by  decomposition  or  otherwise,  organic 
matter— carbon,  hyarogen,  oxygen,  and  nitrogen — constituents 
which  uncultivated  plants  derive  originally  from  the  atmosphere. 
Inorganic  manures  are  those  substances  which  contain  the  mineral 
ingredients,  of  which  the  ash  of  plants  is  found  to  consist.  Most 
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of  the  substances  employed  as  manures  contain  both  organic  and 
inorganic  substances.  The  greater  portion  of  soils  consist  of 
minerals  in  a  greater  or  less  state  of  decomposition,  combined 
with  a  small  amount  of  organic  matter.  Every  soil  is  capable  of 
yielding  a  certain  amount  of  vegetable  produce  under  the  influence 
of  climate  and  season,  without  the  assistance  of  manure :  this  mar 
called  its  natural  produce.  The  proportion  would  vary  each 
year,  according  to  the  amount  of  rain,  the  temperature  of  the 
season,  and  the  description  of  the  growing  plant.  It  is  known, 
however,  that  although  the  climate  of  any  place  may  vary  one 
year  as  compared  with  another,  it  nevertheless  maintains  a  certain 
"average.  It  may  be  supposed  therefore  that  the  natural  produce 
of  the  soil,  in  any  particular  locality,  would  be  uniform  for  a  series 
of  years. 

The  effect  of  rain  is  to  dissolve  a  certain  portion  of  the  mineral 
matter  of  the  soil:  it  also  supplies  carbonaceous  matter  and  am- 
monia. Liebig  found  ammonia  in  the  rain  at  Oiessen.  The  rain 
collected  in  a  vessel  placed  on  the  top  of  a  tree  in  my  wheat-field, 
at  a  distance  from  any  building,  gave,  upon  evaporation,  a  liquid 
having  a  foetid  smell,  and  yielding  ammonia  to  suitable  re-agents. 
The  rain  collected  in  a  rain-gauge  placed  in  a  garden  at  Mam- 
head,  in  Devonshire,  had  the  taste  of  soot,  although  the  wind  was 
blowing  direct  from  the  sea  during  its  fall.  Rain  is  therefore 
capable,  to  a  certain  extent,  of  supplying  plants  with  ammonia. 
Carbonic  acid  is  also  a  constant  ana  important  constituent  in  rain- 
water, as  well  as  in  the  atmosphere  itself.  The  atmosphere  may 
thus  be  considered  the  natural  source  of  organic,  and  the  soil  that 
of  inorganic,  supply.  It  is  the  object  of  agriculture  to  increase 
the  produce  of  the  soil  beyond  its  natural  yield,  which  can  be  done 
by  various  means.  The  field  may  be  fallowed — that  is  to  say, 
the  natural  produce  of  the  soil  for  two  years  may  be  concentrated 
into  one — the  repeated  exposure  of  the  soil  to  the  atmosphere,  by 
means  of  ploughmg,  causing  a  decomposition  of  mineral  matter, 
while  the  ammonia  in  the  rain  unites  with  the  various  acids  in  the 
soil.  The  produce  of  the  soil  may  also  be  increased  by  means  of 
manures — that  is  to  say,  by  supplying  those  ingredients  which  the 
soil  and  the  atmosphere  are  incapable  of  yielding  in  sufficient 
Huantity  for  an  agricultural  result.  This  process  I  shall  now  en- 
deavour to  explain.  It  will  be  remembered  that  the  produce  of 
wheat  and  straw  upon  the  unmanured  portion  of  my  experimental 
field  was  greatest  in  the  year  when  the  atmospheric  influence, 
and  therefore  the  supply  of  ammonia,  was  the  most ;  but  in  no 
case  was  a  full  agricultural  crop  obtained.  This  may  be  attri- 
buted to  two  causes  :  either  that  the  wheat  was  incapable  of  assi- 
milating what  the  atmosphere  and  rain  could  supply,  for  want  of 
an  available  amount  of  minerals  in  the  soil;  or  that  the  minerals 
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in  the  soil  were  in  excess,  but  that  the  wheat  was  incapable  of 
assimilating  them  for  want  of  a  sufficient  supply  of  ammonia,  or 
other  organic  substances. 

It  has  been  argued  by  Liebig  that  the  atmosphere  can  supply 
the  ammonia  from  which  plants  derive  their  nitrogen,  in  sufficient 
quantity  for  agricultural  purposes;  and  his  views  on  this  subject 
have  been  echoed  through  England  by  a  host  of  his  followers. 
This  point,  upon  which  so  much  difference  of  opinion  exists  be- 
tween the  French  and  German  chemists,  is  perhaps  the  most 
important  to  agriculture  which  chemistry  can  solve.  It  affects 
the  whole  economy  of  cultivation,  and  the  final  solution  of  it  must 
materially  influence  the  actions  of  all  practical  agriculturists. 
With  regard  to  the  most  important  crop  (wheat),  my  own  experi- 
ments are  so  decisive,  and  through  the  whole  series  the  results 
are  so  uniform,  that  it  is  hardly  possible  to  have  two  opinions  on 
the  subject ;  and  what  is  still  more  important,  they  are  in  accord- 
ance with  the  dictates  of  reason  and  the  practical  experience  of 
agriculture.  The  first  year's  experiments  were  drawn  out  prin- 
cipally with  the  view  of  ascertaining  how  far  mineral  manures 
were  capable  of  restoring  to  a  soil,  the  fertility  of  which  it  had 
been  deprived  by  repeated  cropping.  On  the  space  of  ground 
which  was  not  manured,  the  acreage  yield  was.  as  follows  : — 

Grain,  16  bushels  ;  straw,  1120  lbs. 
This  may  be  considered  as  the  natural  produce  of  the  soil,  sub- 
ject only  to  the  atmospheric  influence  of  that  particular  season. 
The  next  experiment  was  with  700  lbs.  of  superphosphate  of 
lime,  which  gave — 

Grain,  161  bushels  ;  straw,  1116  lbs. 
The  superphosphate  of  lime  employed  in  these  experiments  was 
made  from  calcined  bone  only,  and  was  therefore   strictly  a 
mineral  manure.     By  comparing  this  experiment  with  the  last, 
it  will  be  seen  that  practically  no  increase  of  produce  was  obtained. 

The  effect  of  superphosphate  of  lime  upon  wheat  has  been  the 
subject  of  many  experiments,  and  in  some  instances  it  has  been 
employed  with  remarkable  success.  It  becomes  therefore  of  im- 
portance to  inquire  what  was  the  probable  cause  of  its  inutility  in 
this  instance.  Besides  phosphoric  acid  and  lime,  the  ash  of 
wheat  and  wheat  straw  contains  potash,  magnesia,  soda,  and 
silica ;  and  as  superphosphate  of  lime  contains  none  of  these  sub- 
stances, its  failure  in  this  case  may  be  attributed  either  to  the 
absence  of  these  minerals  in  the  soil,  or  to  a  deficiency  of  azotized 
or  other  organic  matter. 

The  average  results  obtained  by  other  mineral  manures  are 
given  below  :* — 


*  The  terxnB  superphosphate  of  lime,  phosphate  of  potass,  phosphate  of 
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Superphosphate  of  lime,350  lbs.;  phosphate  of  magnesia,420  lbe. 
Superphosphate  of  lime,  350  lbs.;  phosphate  of  soda,  325  lbs. 
Superphosphate  of  lime,  350  lbs.;  phosphate  of  potass,  375  lbs. 
Superphosphate  of  lime,  560  lbs.;  silicate  of  potass,  220  lbs. 
Superphosphate  of  lime,  350  lbs.;  phosphate  of  magnesia.  ( 

210  lbs. ;  phosphate  of  soda,  1624  lbs.  ( 

Superphosphate  of  lime,  350  lbs. ;  phosphate  of  magnesia,  J 

210  lbs.;  phosphate  of  potass,  187*  lbs.  I 

Superphosphate  of  lime,  350  lbs. ;  phosphate  of  magnesia,  ( 

210  lbs. ;  silicate  of  potass,  275  lbs.  I 

Superphosphate  of  lime,  350  lbs. ;  phosphate  of  magnesia,  168  I 

lbs.;  phosphate  of  potass,  150  lbs. ;  silicate  of  potass,  110  lbs.  I 


Bashels 
of  Grain. 

Pounds 
of  Straw. 

16J 

1100 

16| 

1172 

16* 

1160 

161 

1112 

16i 

1116 

171 

1204 

17 

1176 

171 

1240 

The  greatest  increase  obtained  by  these  mineral  manures  over 
the  natural  produce  of  the  soil  was  less  than  2  bushels  of  wheat 
and  120  lbs.  of  straw.  The  effect  of  minerals  obtained  from  a 
more  natural  manuring  source  (the  combustion  of  dung),  gave  a 
similar  result.  A  quantity  of  farm-yard  dung  was  weighed  into 
two  portions,  at  the  rate  of  14  tons  each  per  acre,  one  being 
burnt  to  ashes,  and  the  other  ploughed  into  the  soil.  The  results 
were  as  under : — 


Bushels 

Pounds 

of  Grain. 

of  Straw. 

22 

1476 

A*h  of  14  tons  of  farm-yard  dung  .  . 

16 

1104 

The  absence  of  any  agricultural  increase  of  produce  through- 
out this  series  of  experiments  might  be  said  to  arise  either  from 
some  defect  in  the  mineral  constitution  of  the  manures,  or  from 
the  minerals  in  the  soil  not  being  in  a  proper  state  for  the  wheat 
to  assimilate  them ;  but  if,  as  is  seen  in  the  following  table,  the 
Edition  of  an  ammoniacal  salt  can  produce  an  increase  of  corn 
and  straw  to  a  considerable  extent,  the  minerals  must  have  Ixjen 
m  a  state  available  for  the  plant : — 

kxI*)  and  phosphate  of  magnesia,  by  which  it  is  convenient  to  designate 
the  manures,  are  not  to  be  understood  as  representing  the  pure  chemical 
substances  bearing  those  names.  The  composts  were  formed  by  acting 
upon  bone-ash  by  means  of  sulphuric  acid,  in  the  first  instance,  in  the 
c**s  of  the  alkaline  salts  and  the  magnesian  salt,  neutralizing  the  com- 
pounds thus  obtained  by  means  of  cheap  preparations  of  the  respective 
°**e6-  The  silicate  of  potass  was  manufactured  at  a  glass-house  by  fusing 
equal  parts  of  pearl-ash.  and  sand — a  clear  transparent  glass,  slightly  deli- 
tescent in  the  air,  was  the  result ;  it  was  ground  to  powder  under  edge- 
stones. 
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Bushels  Pounds 
of  Grain,  of  Straw. 


L  Superphosphate  of  lime,  630  lbs. ;  sulphate  of  ammonia,65  lbe.    21}  1368 

2.  Superphosphate  of  lime,  350  lbs.;  phosphate  of  magnesia, 

84  Ids.;  phosphate  of  soda,  65  lbs. ;  phosphate  of  potass, 
75  lbs. ;  silicate  of  potass,  1 10  lbs.;  sulphate  of  ammonia, 
65  lbs  r 

3.  Superphosphate  of  lime, 350 lbs.;  phosphate  of  magnesia? 

84  lbs. ;  phosphate  of  soda,  65  lbs. ;  phosphate  of  potass, 
75  lbs. ;  silicate  of  potass,  110  lbs.;  sulphate  of  am- 
monia, 65  lbs.;  rape-cake,  154  lbs  

4.  Superphosphate  of  lime, 350  lbs.;  phosphate  of  magnesia, 

106  lbs.;  phosphate  of  soda,  80  lbs.;  silicate  of  potass,  \  26}  1772 
110  lbs.;  sulphate  of  ammonia,  80  lbs  ) 

On  comparing  the  produce  of  No.  1  in  this  table  with  that  of 
the  superphosphate  of  lime  as  given  elsewhere,  it  will  be  seen  that 
the  substitution  of  C5  lbs.  of  superphosphate  of  lime  by  C5  lbs.  of 
sulphate  of  ammonia  has  caused  an  increase  of  4i  bushels  of  corn, 
and  252  lbs.  of  straw.  Again,  the  increase  shown  in  No.  4, 
where  80  lbs.  of  sulphate  of  ammonia  were  employed,  is  from  8 
to  9  bushels  of  corn,  and  582  lbs.  of  straw,  over  the  produce  of 
the  best  mineral  conditions  as  given  in  a  former  table. 

The  evidence  afforded  in  these  experiments  regarding  the  im- 
portance of  ammoniacal  manures  caused  us  to  discontinue  the 
employment  of  mineral  manures  alone  in  the  second  year.  It 
was  highly  desirable  to  ascertain  whether  the  minerals  supplied 
during  the  first  year,  and  also  those  naturally  contained  in  the 
soil,  were  capable  of  being  taken  up  by  future  crops.  For  this 
purpose  ammoniacal  salts  alone  were  subsequently  employed  on 
some  of  the  plots  : — 


Season. 

Same  Space  of  Ground  each  Year. 

Grain.* 

Straw. 

1844 

1845 
1846 

(  Superphosphate  of  Lime,  560  lbs. ;  silicate  of  I 
Sulphate  and  muriate  of  ammonia,  each  1$  cwt. 

Bush.  Pka.  qrs. 

16    1  3 

31    3  1 
27    1  2 

Pounds. 

1112 

4266 
2244 

From  the  immense  increase,  both  of  com  and  straw,  obtained  in 
the  second  and  third  years,  without  any  fresh  addition  of  minerals, 
it  is  evident  that  the  deficient  produce  in  the  first  year  could  only 
result  from  the  want  of  some  power  in  the  plant  to  assimilate 
those  already  at  its  command,  and  that  such  a  power  was  not 
wanting  in  the  succeeding  years. 

I  shall  only  notice  one  more  set  of  experiments  in  connection 
with  this  point,  and  which  were  tried  in  the  season  of  1846  with 
the  wheat  manure  patented  by  Professor  Liebig,  and  prepared 
and  sold  under  his  name  and  authority.  On  referring  to  the 
si>ecification  of  his  patent,  it  will  be  seen  that  his  object  is  to  re- 


22| 


1768 


*  1844  total  grain,  1845  and  1846  dressed  grain  only. 
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duce  the  solubility  of  the  alkalies  by  fusing  them  with  lime  and 
phosphate  of  lime,  and  to  employ  those  substances  which  will 
form  a  compound  resembling  the  ash  of  wheat : — 


1.  Unmannred  acre  

2.  4  cwt.  of  Liebig's  wheat-manure  alone  

3.  4  cwt  of  Liebig'e  wheat-manure,  with  4  owt.  rape-cake 

4.  4  cwt.  of  Liebig's  wheat-manure,  1  owt.  eaoh  of  sul-  / 

phate  and  muriate  of  ammonia  I 

5.  *  cwt.  of  Liebig's  wheat-manure,  4  owl  rape-cake,  / 

1  cwt.  each  of  sulphate  and  muriate  of  ammonia  j 


Dressed  Grain. 

Straw. 

Bash.  Pk*.  qrs 

Pounds 

17    3  3 

1518 

20    1  2 

1676 

22    3  1 

1968 

29    0  3 

2571 

31    3  0 

3007 

The  superiority  which  Liebig's  manure,  when  used  alone,  ex- 
hibits as  compared  with  the  result  of  the  unmannred  space,  may 
he  attributed  to  its  containing  a  small  quantity  of  ammoniacal 
matter,  which  was  distinctly  perceptible  to  the  smell. 

The  absolute  necessity  of  supplying  nitrogen  to  enable  the  soil 
to  produce  more  wheat  than  it  could  do  in  a  natural  state,  is  so 
apparent  throughout  this  series  of  experiments,  that  it  is  difficult 
to  entertain  the  slightest  doubt  upon  the  subject.  As  long  as 
any  available  ammonia  exists  in  the  soil,  so  long  will  mineral 
manures  increase  the  produce  of  wheat.  If  I  had  commenced 
my  experiments  upon  a  field  in  high  condition,  full  of  animal  and 
vegetable  matter,  I  might  have  been  some  years  in  arriving  at  the 
true  action  of  mineral  manures :  as  it  was,  the  first  year  almost 
decided  the  question. 

For  the  last  seven  years  this  field  has  suffered  an  immense  loss 
of  minerals,  rendered  available  to  the  plant  by  means  of  ammonia ; 
and  the  produce  of  last  year  (1846)  showed  that  the  mineral  con- 
dition was  still  little  impaired.  The  crop  now  growing  shows, 
however,  symptoms  of  an  opposite  condition  of  soil.  In  some 
experiments,  where  no  minerals  have  been  supplied,  the  salts  of 
ammonia  are  not  producing  their  accustomed  effect :  an  excess  of 
the  azotized  condition  is  commencing,  and  mineral  manures  will 
now  have  to  be  employed  to  increase  the  natural  produce  of  the  soil. 

The  various  contradictory  results  obtained  by  the  application 
of  mineral  manures  to  wheat  are  completely  accounted  for  when 
it  is  kuown  that  they  only  increase  the  produce  in  proportion  to 
the  available  azotized  matter  existing  in  the  soil.  Although  I 
have  confined  my  remarks  to  the  wheat  crop,  they  apply  equally 
to  the  whole  class  of  plants  belonging  to  the  same  "  natural  order.  * 
Though  thej  do  not  thrive  equally  well  in  the  same  climate  and 
soil,  I  consider  them  all  to  l>e  plants  in  which  the  nitrogen  sup- 
plied in  the  manure  is  more  than  what  is  obtained  in  the  produce. 
They  may  for  our  present  purpose  be  called  nitrogen-consuming 
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plants,  in  contradistinction  to  those  which  are  nitrogen-collecting 
plants,  and  contain  more  of  this  substance  than  was  supplied  to 
them  in  the  manure.  Common  pasture  belongs  to  the  same  class 
of  plants  as  our  grain  crops :  hence  we  have  an  additional  argu- 
ment to  the  number  already  advanced,  in  favour  of  breaking  it  up 
in  every  case  where  it  is  not  required  for  ornamental  purposes. 

The  theory  advanced  by  Liebig,  that  "  the  crops  on  a  field 
diminish  or  increase  in  exact  proportion  to  the  diminution  or  in- 
crease of  the  mineral  substances  conveyed  to  it  in  manure,"  is 
calculated  so  seriously  to  mislead  the  agriculturist  that  it  is 
highly  important  its  fallacies  should  be  generally  known.  The 
contempt  which  the  practical  farmer  feels  for  the  science  of 
agricultural  chemistry  arises  from  the  errors  which  have  been 
committed  by  its  professors.  They  have  endeavoured  to  account 
for,  and  sometimes  to  pronounce  as  erroneous,  the  knowledge 
which  ages  of  experience  have  established;  and  they  have  at- 
tempted to  generalise  without  the  practical  data  necessary  to 
accomplish  their  end  with  success.  Agriculture  will  eventually 
derive  the  most  important  assistance  from  chemistry,  but  before 
it  can  propose  any  changes  in  the  established  routine  of  the 
farmer,  it  must,  by  a  series  of  laborious  and  costly  experiments, 
explain  this  routine  in  a  satisfactory  manner. 

Although  the  experimental  results  which  have  been  detailed 
undoubtedly  prove  that  to  produce  agricultural  crops  of  corn 
nitrogen  must  l)e  supplied  to  the  soil  in  some  form  or  other, 
two  important  questions  still  remain  unanswered,  namely,  first, 
what  amount  of  ammonia  will  be  required  to  produce  a"  given 
amount  of  corn  ?  or,  in  other  words,  what  amount  of  nitrogen 
must  the  farmer  accumulate  in  his  soil  to  obtain  each  bushel  of 
corn  l>eyond  the  natural  produce  ?  Secondly,  what  are  the  most 
economical  means  at  his  disposal  for  securing  the  necessary 
supply  ?  The  solution  of  these  questions  is  within  the  reach  of 
careful  experiment  and  calculation ;  and,  although  any  data  at 
present  at  our  disposal  may  be  incompetent  to  a  proper  treatment 
of  them,  it  may  serve  some  useful  purpose  to  apply  such  results 
as  we  possess  with  the  view  of  arriving  at  some  general  and  ap- 
proximative knowledge  on  points  bearing  so  essentially  on  the 
economy  of  agriculture. 

It  may  be  considered  for  our  present  purpose  that  a  bushel  of 
wheat  contains  one  pound  of  nitrogen.  It  must  not  l>e  supposed, 
however,  that  l£  lb.  of  ammonia  (equivalent  to  one  pound  of 
nitrogen)  supplied  to  the  soil,  will,  even  under  the  most  favour- 
able circumstances,  add  a  bushel  to  its  natural  produce.  Through- 
out the  whole  course  of  my  experiments  upon  the  growth  of 
wheat  by  means  of  ammoniacal  salts  there  nas  been  a  loss  of 
nitrogen  far  too  great  to  be  attributed  merely  to  drainage  and 
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evaporation  from  the  land ;  and  it  is  possible  that  a  better  know- 
ledge than  we  now  possess  of  the  vital  actions  of  plants  will, 
sooner  or  later,  throw  much  light  upon  this  interesting  and  highly 
important  phenomenon.  I  am  inclined  to  think  that,  for  prac- 
tical purposes,  we  may  assume  5  lbs.  of  ammonia  to  be  required 
for  the  production  of  every  bushel  of  wheat  beyond  the  natural 
yield  of  the  soil  and  season ;  at  any  rate,  it  will  be  useful  to  re- 
member this  as  the  amount  until  further  experiments  shall  furnish 
farther  information  on  the  subject.  In  the  following  table,  p.  24, 
are  arranged  some  of  the  results  obtained  last  year  (harvest,  1846) 
in  my  experimental  wheat-field. 

Besides  the  bearing  which  these  results  have  upon  other  points 
than  that  of  the  amount  of  ammonia  required  to  produce  a  bushel 
of  corn,  they  will  enable  any  one  to  judge  of  the  probable  exact- 
ness of  the  estimate  which  has  just  been  made.  It  should  be 
remembered,  however,  that  as  the  season  of  1846  was  more  than 
usually  favourable  to  the  production  of  corn,  any  calculations 
founded  upon  the  results  of  that  year  might  lead  to  an  over- 
estimate of  what  the  ammonia  would  produce  in  an  average  of 
years.  The  produce  of  the  unmanured  plot  and  that  of  farm- 
yard dung  was,  in  dressed  grain  and  straw,  as  follows — 

Bush.  pks.  qre.  Straw  in  lbs. 

No  manure  M  .  17    3     3  1513 

14  tons  of  dung     .     27     0     3  2454 

It  was  my  intention  to  conclude  this  paper  with  some  experi- 
mental evidence  relative  to  the  influence  of  climate  and  manures 
njjon  the  turnip  and  leguminous  crops  ;  but,  having  extended  my 
observations  upon  the  corn-plants  to  a  greater  length  than  I  had 
at  first  contemplated,  I  shall  defer  the  consideration  of  that 
subject  to  a  future  period.  I  wish,  however,  to  make  a  few  ob- 
servations upon  the  general  principles  of  practical  agriculture. 
Some  of  them  are  apparent  from  the  evidence  I  have  already 
brought  forward,  but  some  of  them  are  indicated  by  the  results 
of  other  branches  of  the  investigation  than  those  which  I  have  dis- 
cussed in  the  foregoing  pages. 

I  have  said  that  soil  and  atmosphere  are  the  two  great  natural 
sources  from  which  plants  derive  the  elements  of  their  growth; 
the  former  supplying  the  inorganic  and  the  latter  the  organic 
elements.  Besides  the  minerals  of  which  soils  are  principally 
composed,  they  contain  a  certain  amount  of  organic  matter  ca- 
pable of  yielding  carbon  and  ammonia  to  plants;  and  the  annual 
amount  of  ammonia  which  a  soil  is  competent  to  yield  under  the 
influence  of  the  atmosphere  must  to  a  certain  extent  determine  its 
natural  fertility.  A  Russian  soil,  said  to  be  one  of  the  most  fertile 
in  the  world,  and  which  yields  fine  wheat  without  manure,  gave 
when  analysed  by  M.  Peyen,  24£  lbs.  of  nitrogen  in  1000  lbs.  of 
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soil,  or  nearly  2^  per  cent.  A  very  fertile  soil  sent  to  me  by  Sir 
John  Tylden  from  Somersetshire,  and  said  to  yield  40  bushels 
of  wheat  annually  without  manure  (a  statement  afterwards  proved 
to  be  incorrect),  was  analysed  by  Dr.  Gilbert  in  my  laboratory, 
and  gave  6*2  lbs.  of  nitrogen  in  1000,  or  rather  more  than  \  per 
cent. ;  wbilst  from  the  soil  of  my  experimental  field,  which  yields 
about  17  bushels  of  wheat  annually  without  manure,  he  obtained 
in  1000  parts  only  2*0  of  nitrogen,  equal  to  l-5th  per  cent. 

Although  the  amount  of  nitrogen  in  a  soil,  independently  of  any 
immediate  supply,  may  determine  to  a  certain  extent  its  powers  of 
nroducing  corn,  it  is  not  a  sure  criterion  of  the  value  of  different 
descriptions  of  soil.  The  rich  clayey  soils,  in  which  the  largest 
stores  of  nitrogen  are  generally  found,  are  exactly  those  which 
derive  the  least  benefit  from  a  rotation  of  crops.  The  amount  of 
nitrogen  existing  in  a  sandy  soil  may  hardly  be  appreciable  by 
analysis,  but  by  the  free  circulation  of  air  through  its  pores,  the 
accumulation  from  the  resources  of  the  atmosphere  through  the 
medium  of  green  crops,  and  especially  of  turnips,  to  a  certain  ex- 
tent counterbalances  the  deficiency.  The  actual  value  of  a  tur- 
nip crop  must  vary  very  much,  according  to  the  texture  of  the 
soil.  On  heavy  clays,  the  decomposition  of  soil  by  means  of  a 
summer-fallow  aided  by  lime,  will  often  render  available  more 
ammonia  as  well  as  mineral  mixtures,  than  could  be  obtained  by 
means  of  a  turnip-crop.  Upon  light  soils,  however,  nothing  can 
advantageously  substitute  the  collective  powers  of  the  turnip.  In 
one  soil  the  accumulation  of  available  stores  may  be  affected  by 
combustion  or  lime,  in  the  other  they  must  be  supplied  by  a  dif- 
ferent process.  As  almost  every  soil  contains  mineral  matter  in 
an  unaecomposed  state,  it  must  evidently  be  advantageous  to 
favour  its  liberation  by  every  possible  means ;  for  the  more  pro- 
duce a  soil  can  be  made  to  yield  without  manure,  the  less  manure 
it  will  require  to  bring  its  produce  up  to  a  maximum.  It  was  at 
one  time  supposed  that  by  repeatedly  hoeing  and  stirring  the  soil, 
it  could  be  made  to  yield  perpetual  crops  without  manure;  and 
although  this  was  carrying  the  principle  too  far,  it  undoubtedly 
proves  the  benefit  of  mechanical  operations.  Draining,  however, 
offers  advantages  to  the  agriculturist  superior  to  any  as  a  means 
of  obtaining  the  influence  of  the  atmosphere  upon  the  soil.  Not 
only  is  the  surface  of  the  soil  exposed  to  the  action  of  the  air,  but 
its  influence  extends  to  the  depth  of  the  drains  themselves.  In 
addition  to  this  advantage,  what  may  be  considered  as  an  artificial 
climate  is  to  some  extent  obtained.  An  increased  temperature, 
and  the  absence  of  moisture,  conditions  so  essential  to  the  pro- 
duction of  grain  of  fine  quality,  are  the  result  of  draining  the  soil. 
Thermometers  placed  in  two  soils  equally  exposed  to  the  sun's 
rays,  one  of  which  is  moist  and  the  other  dry,  indicate  very  differ- 
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ent  degrees  of  temperature.  The  rays  of  the  sun,  which  only  serve  to 
evaporate  moisture  in  the  one,  will  raise  the  temperature  of  the  other. 
It  follows  that  plants  would  grow  more  rapidly  upon  a  well-drained 
soil  than  upon  one  in  an  opposite  condition,  especially  during  the  spring. 

It  will  be  remembered  how  large  a  quantity  of  ammonia 
I  found  it  necessary  to  supply  to  my  soil  each  year  to 
restore  the  substances  removed  in  the  previous  crop.  Besides 
being  expensive,  this  ammonia  cannot  be  procured  in  the 
market  in  any  large  quantities ;  but  by  cultivating  turnips  and 
the  leguminous  plants,  a  large  amount  of  this  substance  is  col- 
lected by  them  from  the  atmosphere.  A  rotation  of  crops  may  in 
one  sense  therefore  be  considered  as  an  economical  process  for 
obtaining  ammonia;  but  as  the  amount  obtained  by  green  crops 
must  depend  very  much  upon  their  bulk,  every  attention  should 
be  paid  to  their  growth.  In  order  to  produce  the  great- 
est weight  of  turnips,  it  is  necessary  that  the  soil  should  be 
brought  to  the  finest  and  lightest  condition  possible  by  mechani- 
cal means,  and  that  it  should  be  manured  by  a  large  and  available 
supply  of  carbon  and  phosphates.  Ammonia  artificially  supplied 
is  not  essential  if  the  soil  be  not  deficient  in  carbonaceous  sub- 
stances ;  and  where  the  phosphates  are  not  supplied  in  sufficient 
quantity  it  exerts  a  most  injurious  effect  upon  the  plant. 

The  turnip  is  essentially  a  plant  which  requires  artificial  aid 
for  its  development  in  agricultural  quality  and  quantity.  It  is 
singular  that  while  my  soil  yields  17  bushels  of  wheat  annually, 
without  manure,  the  tuniips  upon  an  unmanured  space  were  re- 
duced to  a  few  cwt.  per  acre  in  three  years,  and  m  the  fourth 
only  averaged  the  size  of  a  radish.  It  is  also  remarkable  that  a 
plant  whose  office  it  is  to  restore  fertility  to  the  soil  should 
scarcely  be  able  to  exist  where  wheat  was  yielding  a  tolerable 
crop ;  but  the  different  effect  produced  upon  two  crops  by  farm- 
yard dung  and  superphosphate  of  lime  at  once  explains  this 
anomaly.  Eighty-four  tons  of  farm-yard  dung,  consisting  of  de- 
caying straw  mixed  with  the  excrement  of  the  farm-horses,  applied 
to  one  acre  of  wheat  and  one  of  turnips  during  three  years,  at  the 
rate  of  14  tons  per  acre  per  annum,  did  not,  in  the  acre  of  wheat, 
add  much  more  than  one-half  to  the  natural  produce  each  year  : 
the  turnips,  however,  were  increased  to  an  indefinite  extent. 
Superphosphate  of  lime,  which  produced  no  increase  of  wheat  the 
first  year  it  was  applied,  gave  in  succession  three  good  crop  of 
turnips.  The  dung  which  I  applied  to  my  wheat  increasea  the 
produce  to  an  extent  equivalent  to  the  amount  of  ammonia  which 
it  may  be  estimated  to  contain  ;  but  it  is  evident  that  the  great 
bulk  of  42  tons  served  little  useful  purpose,  for  we  find  that 
salts  of  ammonia  have  produced  each  year  a  larger  amount  of 
corn.    The  whole  of  the  solid  matter  of  the  residue,  consisting  of 
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organic  matter  almost  destitute  of  nitrogen,  could  have  been 
assimilated  by  the  turnip,  under  the  influence  of  a  due  supply  of 
phosphates.  On  poor  soils  it  is  quite  consistent  with  scientific 
principles  to  employ  rich  azotized  dung  for  the  wheat  crop,  and 
to  convert  the  carbonaceous  residue  into  the  substance  of  the 
turnip  by  an  abundance  of  phosphates.  It  would,  however,  pro- 
bably be  advantageous  to  have  a  greater  proportion  than  one- 
fourth  of  the  farm  under  turnips  each  year.  At  present,  upon 
the  Norfolk-system  one-fourth  of  the  farm  is  clover,  but  broad 
clover  cannot  be  obtained  with  certainty  so  often.  If  instead  of 
this,  one-eighth  of  a  farm  was  clover  and  three-eights  turnips, 
a  larger  proportion  of  winter  food  would  be  obtained,  and  as 
much  clover  grown  upon  an  eighth  as  has  hitherto  been  grown 
upon  one-fourth  of  the  farm.  We  have  no  reason  to  suppose 
that  one  grain  crop  possesses  the  power  of  exhausting  the  soil 
more  than  another.  The  tenant-farmer  should  therefore  be  per- 
mitted to  grow  that  crop  which  is  most  suited  to  his  soil.  On 
the  heavy  soils  alternate  wheat  crops  might  be  grown ;  oats  might 
also  be  substituted  for  barley  with  advantage,  whenever  the  soil 
has  been  rendered  incapable  of  complete  pulverization,  by  con- 
suming the  turnips  upon  the  land  in  wet  weather. 

Having,  I  trust,  snown  upon  scientific  principles  that  a  rotation 
of  crops  is  indispensible  in  order  to  carry  out  a  system  of  prac- 
tical and  economical  agriculture,  I  shall  now  endeavour  to  prove 
by  a  few  brief  observations  that  to  obtain  the  greatest  possible 

Sroduce  from  the  soil,  the  production  of  meat  ought  to  bear  a 
efinite  relation  to  the  amount  of  grain  exported. 
The  philosophical  considerations  to  which  this  subject  naturally 
leads  are  of  the  highest  interest ;  but  as  it  would  be  impossible  to 
treat  of  them  at  once  clearly  and  at  the  same  time  as  briefly  as 
our  present  object  permits,  it  will  be  best  to  turn  our  attention  to 
some  of  the  more  practical  bearings  of  the  question. 

In  feeding  stock  but  a  small  proportion  of  the  nitrogen  in  the 
food  is  converted  into  the  substance  of  the  animal;  the  greater 
portion  is  restored  to  the  soil  as  manure.  The  economy  of  the 
production  of  meat  as  a  means  of  obtaining  manure  arises  from 
the  greatly  increased  value  of  the  nitrogen  in  flesh,  as  com- 
pared with  that  supplied  in  the  food.  Thus  28  lbs.  of  flesh,  worth 
14#.,  contains  1  lb.  of  nitrogen — 28  lbs.  of  peas,  beans,  or  oil-cake, 
which  contain  about  the  same  quantity,  are  not  worth  more  than 
2s.  or  3s.  To  determine  the  exact  proportion  of  the  meat,  or 
rather  the  live  weight  of  stock  which  must  be  produced  upon  any 
farm  to  obtain  the  greatest  possible  produce  of  grain,  requires  a 
long  and  careful  series  of  investigations. 

With  the  exception  of  one  experiment  performed  by  Boussin- 
gaulfc,  we  have  no  data  from  which  we  can  calculate  the  loss  of 
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carl)on  and  nitrogen  which  a  farm  sustains  by  the  vital  processes 
of  the  animals  fed  upon  it,  but  it  is  evident  that  it  is  most  serious. 
In  Boussingault's  experiments  it  appeared  that  a  cow  respired  in 
24  hours  as  much  dry  organic  matter  as  was  equivalent  to 
100  lbs.  of  turnips.  This  forms  a  strong  argument  in  favour 
of  the  modern  system  of  fattening  animals  rapidly  by  means 
of  artificial  food.  When  turnips  are  plentiful  and  stock  is 
dear,  fanners  not  unfrequently  give  their  turnips  to  any  person 
who  will  bring  stock  to  consume  them.  And  it  is  a  common 
practice  in  some  places  to  feed  a  quantity  of  half-starved 
cattle  upon  straw  for  the  purpose  of  converting  it  into  dung.  It 
should,  however,  be  understood  that  the  passage  of  the  straw 
or  turnip  through  the  stomach  of  the  animal,  far  from  adding  to 
the  quality  of  these  substances  as  manure,  abstracts  a  large  pro- 
portion of  their  valuable  elements.  There  is  no  magical  property 
in  the  black  mass  called  dung  which  did  not  exist  in  the  straw. 
Some  of  the  elements  may  be  rendered  more  rapidly  available 
by  the  decomposing  agency  of  the  animal ;  but  the  actual  quan- 
tity restored  to  the  soil  must  be  considerably  reduced.  In  all 
cases,  therefore,  where  artificial  food  is  not  employed,  or  when 
the  consumption  of  food  is  not  attended  with  profit,  it  is  better  to 
restore  the  superabundance  of  green  crop  more  directly  to  the 
soil  for  the  after-growth  of  corn,  whilst  any  residue  of  our  corn 
crops,  if  it  cannot  be  used  as  litter,  will,  if  returned  to  the  soil  in 
its  natural  state,  or  after  suffering  decomposition  between  layers 
of  earth,  supply  constituents  to  the  succeeding  fallow  crop. 

The  increase  of  meat  obtained  by  any  particular  food  must 
vary  to  a  certain  extent,  with  animals  of  different  breeds  and  ages, 
as  well  as  with  the  care  and  attention  bestowed  upon  them.  There 
is,  however,  in  all  cases,  a  relation  sufficiently  evident,  between 
the  increase  of  the  animal  and  the  nitrogen  in  the  food,  to  enable 
us  to  form  some  calculation  upon  the  relation  which  should  exist 
between  the  production  of  corn  and  that  of  meat  upon  a  well 
cultivated  farm.  In  illustration  of  this  statement,  in  the  first 
place  I  may  refer  to  some  experiments  made  upon  the  farm  of 
the  Earl  of  Radnor,  regarding  the  feeding  qualities  of  different 
breeds  of  sheep.  The  results  are  quoted  from  the  last  number  of 
this  Journal. 

In  the  1st  experiment,  20  sheep  received  847  lbs.  of  hay, 
1319  lbs.  pulse,  and  25,293  lbs.  swedes,  and  the  increase  of  live 
weight  was  400  lbs.  In  the  2nd  experiment  1044  lbs.  of  hay, 
and  17,254  lbs.  of  turnips  produced  192  lbs.  of  increase.  Calculating 
the  nitrogen  consumea  by  the  first  lot,  to  be  in  hay  8^  lbs., 
in  the  pulse  45  lbs.,  in  the  turnips  38  lbs.,  and  taking  the  per 
centage  of  nitrogen  in  the  increase  of  live  weight  at  3i,  we  have 
in  the  first  experiment — 
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91 A  lbs.  of  nitrogen  supplied  in  the  food. 
14  lbs.        do.       converted  into  increase. 
Upon  similar  calculations  the  2nd  experiment  gives — 
35  lbs.  of  nitrogen  supplied  in  the  food. 
7  lbs.       do.      converted  into  increase. 
In  the  first  experiment  1  lb.  of  nitrogen  produced  4£  lbs.  in- 
crease of  flesh,  and  in  the  2nd,  1  lb.  of  nitrogen  produced  5^  llw. 
increase ;  not  making  any  allowance  for  the  probable  loss  by  the 
vital  processes  of  the  animals,  and  in  the  preparation  of  the  dung, 
we  have  for  each  pound  of  nitrogen  exported,  as  much  in  the  first 
experiment  as  6i  lbs. ;  and  in  the  2nd,  5  lbs.  remaining  for  ma- 
nure. 

In  the  'Gardeners'  Chronicle,'  for  the  year  1844,  are  given 
the  results  of  some  experiments  upon  feeding  sheep  conducted 
upon  the  farm  of  the  Earl  of  Ducie,  by  Mr.  Morton ;  some  of 
these  sheep  were  fed  in  the  field,  some  under  cover.  Altogether 
25  sheep  were  experimented  upon,  and  they  increased  611  lbs., 
having  consumed  31,580  lbs.  of  swedes,  2775  lbs.  of  oats.  Calcu- 
lating the  food  to  have  contained  95  lbs.  of  nitrogen,  and  the 
increase  of  live  weight  to  represent  21  lbs.  of  nitrogen,  1  lb.  of 
nitrogen  produced  6$  lbs.  of  live  weight,  and  for  each  pound  of 
nitrogen  exported  in  meat,  3£  remain  for  manure. 

In  an  experiment  of  my  own,  two  pigs  which  consumed  food, 
containing  by  analysis  12$  lbs.  of  nitrogen,  increased  in  weight 
71  lbs.  This  gives  nearly  5f  lbs.  increased  live  weight  for  1  lb. 
nitrogen  in  food,  and  for  every  pound  of  nitrogen  exported  in 
increase  about  4  lbs.  remain  for  manure. 

In  Bacon's  Essay  on  the  Agriculture  of  Norfolk,  there  is  a 
table  of  the  feeding  qualities  of  oil-cake  and  swedes,  compared 
with  a  compound  of  boiled  linseed  with  peas  and  swedes ;  six 
oxen  were  selected  for  each  trial,  and  the  live  weight  of  each 
kast  was  taken  at  the  commencement  and  the  end  of  the  experi- 
ments. 

The  following  are  the  results  : — 

1.  — 6  oxen  consumed  106,792  lbs.  turnips,  3,712  lbs.  peas, 

1,110  lbs.  linseed. 
The  increase  of  the  live  weight  being  1,722  lbs. 

2.  — 6  oxen  consumed  108,440  lbs.  turnips,  and  6,183  lbs. 

oil-cake. 

The  increase  of  the  live  weight  being  1,310  lbs. 
In  the  1st  lot  the  nitrogen  in  thje  food  was  about  335  lbs., 
1  lb.  of  nitrogen  gave  5  lbs.  of  increase  in  live  weight,  and  for  each 
P°und  of  nitrogen  exported  4^  lbs.  remained  for  manure. 
.In  the  2nd  lot,  the  nitrogen  in  the  food  was  389  lbs.,  1  lb.  of 
nitrogen  gave  3^  increase,  and  for  each  pound  of  nitrogen  ex- 
erted 7^  remain  for  manure. 
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In  consequence  of  turn™  being  employed  as  part  of  the  food, 
in  all  the  results  which  I  nave  given,  it  is  impossible  to  make  any 
calculation  respecting  the  economy  arising  from  fatting  cattle  as  a 
means  of  obtaining  manure,  without  first  deciding  at  what  expense 
turnips  can  be  produced.  Upon  this  subject  very  great  difference 
of  opinion  exists  amongst  agriculturists,  and  indeed  the  effects  of 
soil  and  season  so  materially  affect  the  question,  that  it  is  scarcely 
safe  to  make  any  calculations  respecting  it.  Some  would  value 
them  as  low  as  Is.  per  ton,  some  as  high  as  20s. 

By  the  kindness  of  a  friend,  however,  I  have  been  provided 
with  some  results  obtained  by  feeding  upon  marketable  food 
alone.  As  the  results  extend  over  a  considerable  number  of 
years,  in  each  of  which  80  to  40  oxen  were  fattened,  they  may  be 
considered  to  afford  very  trustworthy  information  on  the  subject. 

Each  ox  received  for  22  weeks  20  lbs.  of  the  best  clover  hay, 
and  10  lbs.  of  English  oil-cake  per  day.  They  sold  for  9J.  more 
than  they  cost,  and  the  average  loss  upon  each  was  4/.  12s. 

Each  ox  received  8080  lbs.  of  hay  =  nitrogen   49  lbs. 

1470  lbs.  oil-cake      do.       70  lbs. 

Total  nitrogen    119  lbs. 

Estimating  the  increase  in  live  weight  according  to  the  increase 
in  money  value  at  576  lbs.,  and  the  nitrogen  to  amount  to  3£  per 
cent,  of  their  weight,  we  have  20  lbs.  of  nitrogen  in  the  increase. 

1  lb.  of  nitrogen  gives  nearly  5  lbs.  of  increase  live  weight,  and 
for  each  pound  of  nitrogen  exported  5  lbs.  remain  for  manure. 

99  lbs.  of  nitrogen  remaining  for  manure  are  equivalent  to 
120  lbs.  of  ammonia. 

To  supply  the  120  lbs.  of  ammonia  in  Peruvian  guano  of 
average  quality,  it  would  certainly  require  more  than  half  a  ton  of 
that  manure,  which  at  the  present  time  would  cost  5/.  The  price 
of  ammonia  thus  obtained  would  be  Wd.  per  lb. 

In  my  experiments  upon  wheat,  it  required  5  lbs.  of  ammonia, 
to  produce  a  bushel  of  corn.  To  obtain  this  amount  of  ammonia 
by  means  of  stock,  there  should  be  an  increase  of  about  28  lbs.  of 
live  weight  upon  the  farm ;  or  in  round  numbers,  to  obtain  1  ton 
of  grain  beyond  the  natural  production  of  the  soil,  there  ought  to 
be  an  increase  in  the  weight  of  stock  of  1000  lbs.  In  order  to 
bring  an  exhausted  soil  to  the  highest  state  of  fertility,  it  will  be 
necessary  to  produce  an  amount  of  meat  by  means  of  imported 
food  (such  as  hay  and  oil-cake)  as  will  be  equivalent  to  the  in- 
crease of  grain  required.  As  the  green  crops  increase  year  by 
year,  the  same  amount  of  meat  will  oe  produced,  but  the  importa- 
tion of  artificial  food  will  gradually  decrease  to  the  point  at  which 
the  internal  and  external  resources  of  the  farm  are  so  balanced  as 
to  secure  the  largest  amount  of  produce  from  the  soil. 
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I  have  not  tried  the  comparative  feeding  qualities  of  the  leaf 
and  the  bulb  of  the  turnip ;  but  from  the  much  higher  per 
rentage  of  nitrogen  in  the  former,  as  determined  by  analyses  in 
my  laboratory,  it  may  be  inferred  that  it  is  much  more  nutritive. 
Tnia  would  be  the  case  more  particularly  with  the  late-sown 
tamipB,  when  the  circulation  of  the  fluids  in  the  leaf  is  still 
active,  and  the  plant  has  not  had  time  to  produce  a  full-sized 
bulb.  It  is  possible,  however,  that  the  relatively  low  state  of 
elaboration  of  the  constituents  of  the  leaf  might  interfere  with  its 
otherwise  apparent  applicability  as  a  healthy  food. 

According  to  the  rule  which  has  been  assumed — namely,  that 
the  production  of  1000  lbs.  of  live  weight  increases  the  yield  of 
grain  by  2240  lbs. — the  production  of  576  lbs.  of  live  weight,  as 
in  the  cases  of  the  oxen  cited  above,  would  give  1290  lbs.  increase 
in  grain,  equal  to  21  bushels  of  wheat. 

This  method  of  fattening  bullocks  may  be  considered  as  the 
most  expensive  the  farmer  can  adopt.  The  whole  of  the  food 
employed  (hay  and  oil-cake)  may  be  viewed  as  manufactured 
articles :  it  is  evident,  nevertheless,  that  artificial  manures  would 
have  been  a  dearer  source  of  ammonia  than  that  afforded  by  the 
feeding  of  the  animals ;  but  when  the  other  constituents  of  the 
several  manures  are  taken  into  account,  the  balance  will  be  still 
more  in  favour  of  the  fattening  process.  The  dry  matter  contained 
in  the  food  of  the  ox  was  nearly  4000  lbs ;  and  of  this  quantity, 
deducting  the  little  that  was  converted  into  the  substance  of  the 
animal,  the  only  remaining  reduction,  if  the  dung  be  properly 
manufactured,  is  in  the  carbon  respired  by  the  animal,  which, 
under  the  system  of  agriculture  here  advocated,  is  a  consideration 
of  no  moment.  It  may  appear  to  some  agriculturists  that  I  have 
entered  into  details  on  this  subject  which  are  both  tedious  and 
unnecessary,  but  I  would  solicit  a  careful  consideration  of  them. 
I  do  not  at  all  imagine  that  the  precise  relations  of  ammonia  to 
increase  of  corn,  and  of  nitrogen  in  food  to  nitrogen  of  live  weight 
obtained,  are  really  such  as  have  been  assumed  for  the  purposes 
of  illustrating  the  views  advocated  in  this  paper.  My  object  is  to 
establish  as  a  principle,  by  which  practical  agriculture  should  be 
guided,  that  the  amount  of  meat  or  live  weight  of  stock  produced 
upon  a  farm,  should  bear  a  fixed  relation  to  the  quantity  of  corn 
exported. 

If  the  truth  of  this  postulate  be  once  established,  and  the  proper 
proportions  fixed,  it  will  no  longer  be  necessary  to  enforce  upon 


lation  between  his  production  of  meat  and  export  of  com  were 
maintained,  there  would  be  no  fear  of  an  exhaustion  of  the  soil, 
even  if  he  grew  no  green  crops  whatever ;  and  he  might  safely 
be  left  to  make  his  own  choice  of  the  means  he  would  adopt. 


So  long  as  a  due  re- 
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His  object  being  the  production  of  a  certain  amount  of  meat  at 
the  lowest  possible  expense,  he  would  naturally  devote  his  ener- 
gies to  the  production  of  large  green  crops,  in  order  to  limit  his 
outlay  in  artificial  food.  Knowing,  too,  the  most  profitable  con- 
ditions upon  which  his  corn  could  be  raised,  his  chief  attention 
would  be  paid  to  the  economical  supply  of  food  for  his  stock,  in 
full  confidence  as  to  the  consequences  of  his  course. 

In  objection  to  any  rule  which  may  assume  a  necessary  relation  be- 
tween the  production  of  meat  and  that  of  corn,  it  may  be  maintained 
that  were  any  cheap  and  inexhaustible  source  of  ammonia  discovered, 
the  production  of  meat,  as  the.  means  of  exporting  corn,  should  be 
materially  lessened.  The  difficulties,  however,  which  we  may 
fairly  calculate  upon  as  standing  in  the  way  of  such  a  consumma- 
tion, as  well  as  the  physiological  and  commercial  considerations 
which  would  be  involved  in  its  influence,  are  such  that  we  need 
not  now  anticipate  the  result.  Again,  the  supposition  that  the 
artificial  manures  at  present  at  our  command,  might,  if  directly 
applied  to  the  growth  of  corn,  be  adequate  to  its  sufficient  pro- 
duction throughout  the  country,  without  the  aid  of  green  crops 
in  feeding,  is  satisfactorily  met  by  such  calculations  as  the  fol- 
lowing : — The  county  of  Norfolk  is  said  to  comprise  1,338,880 
acres  of  land :  suppose  one-half  of  this  to  be  cultivated  on  the 
four-course  system,  334,720  acres  will  be  under  corn  every  year. 
I  believe  it  will  not  be  considered  an  exaggeration  to  say  that 
cultivation  in  this  county  has  increased  the  natural  produce  of 
corn  by  10  bushels  per  acre ;  and  according  to  my  calculations,  it 
would  require  something  like  50  lbs.  of  ammonia  to  be  supplied 
in  any  artificial  manure  to  produce  this  increase  of  corn  ;  and 
considering  1  ton  of  Peruvian  guano  to  contain  224  lbs.  of  am- 
monia, it  would  require  an  importation  of  74,714  tons  to  supply 
the  necessary  amount  for  one  year.  This  calculation  affords  some 
idea  of  the  value  of  a  rotation  of  crops. 

It  is  not  very  difficult  to  arrive  at  a  correct  knowledge  of  the 
action  and  value  of  artificial  manures.  They  are  generally  com- 
posed of  two  or  three  ingredients  in  a  state  of  concentration,  and 
are  far  more  rapid  in  their  action  upon  plants  than  the  manure 
which  is  produced  by  animals.  They  can  therefore  be  applied 
with  greater  success  to  those  crops  which  are  required  in  an  arti- 
ficial condition,  and  the  growth  of  which  cannot  be  too  vigorous. 

If  there  be  any  truth  in  my  experiments,  all  hope  of  obtaining 
annual  crops  of  corn  by  means  of  mineral  manures  must  for 
ever  be  abandoned.  The  employment  of  potash,  soda,  magnesia, 
and  silica,  has  been  suggested  by  chemists,  from  an  imperfe& 
knowledge  of  practical  agriculture.  Having  found  these  sub- 
stances in  the  ash  of  the  plants,  they  have  concluded  that  the  soil 
cannot  supply  them  in  sumcient  quantity.   I  could  bring  forward 
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a  great  number  of  experiments,  tried  at  my  suggestion  upon 
various  soils,  which  would  prove  that  alkaline  manures  were  quite 
incompetent  to  remedy  the  exhaustion  from  which  they  suffered; 
bat  the  general  practice  of  the  best  agriculturists  is  more  con- 
vincing than  a  thousand  such  experiments.  Take  the  case  of  a 
soil  which  has  been  in  the  hands  of  a  farmer  who  has  removed 
from  his  land  successive  grain  crops,  and  who  has  also  sold  part 
of  his  straw  and  hay,  bringing  back  perhaps  a  little  soot,  or  some 
light  manure.  This  system  would  exhaust  the  soil  of  its  alkalies 
to  the  greatest  extent  possible.  Should  it  then  come  into  the 
possession  of  a  man  of  capital  and  experience,  he  may  in  a  few 
years  bring  it  into  high  condition  without  imparting  to  it  a  pound 
of  potash  or  soda,  though  the  course  he  would  probably  adopt 
would  indirectly  increase  the  available  sources  of  those  sub- 
stances. 

The  quantity  of  alkalies  taken  up  from  the  soil  by  a  crop  of  tur- 
nips is  very  great,  and  yet  the  artificial  manures  most  commonly 
applied  to  grow  these  turnips  contain  but  little  and  often  no  alkalies 
whatever.  As  long  as  bone-dust,  superphosphate  of  lime,  or  guano, 
will  produce  a  good  crop  of  turnips,  the  farmer  need  be  under  no 
apprehension  of  his  soil  being  destitute  of  alkalies.  The  only 
mineral  which,  under  a  proper  system  of  agriculture,  it  is  neces- 
sary to  restore  directly  to  the  soil,  is  phosphate  of  lime.  Where 
large  breeding  flocks  are  kept,  the  phosphate  of  lime  exported  in 
fche  bone  of  the  animal  is  very  great,  and  many  soils  are  incapable 
of  yielding  this  in  sufficient  quantity.  Previously  to  the  intro- 
duction of  guano  into  this  country,  large  quantities  of  nitrate  of 
potass  and  soda  were  employed  as  manures.  Their  value  was, 
by  many  persons,  attributed  to  the  alkalies  they  contained  ;  but 
the  almost  universal  substitution  of  guano  shows  very  clearly  that 
the  potash  and  soda  were  not  the  constituents  to  which  their 
effects  were  due.  At  one  time  I  thought  it  probable  that  the 
silicates  of  potash  or  soda  might  prove  of  some  service  to  grain 
plants,  but  repeated  experiments  with  these  substances  have 
caused  me  to  alter  my  opinion. 

The  strength  of  the  straw  in  grain  crops  seems  to  depend  upon 
a  healthy  condition  of  the  plant,  arising  from  a  properly  balanced 
supply  of  mineral  and  organic  constituents,  as  well  as  upon  the 
influence  of  certain  physical  conditions  of  soil,  especially  during 
the  early  stages  of  growth.  Thick  sowing,  a  cold  wet  summer, 
and  excess  of  ammonia,  are  all  injurious  to  the  strength  of 
straw. 

Unless  straw  is  sold,  there  is  a  constant  accumulation  of  silicate 
of  potash  upon  farms,  arising  from  the  annual  decomposition  of  the 
soil ;  and  upon  some  farms  the  production  of  straw  increases  to  an 
injurious  extent.    It  is  a  common  opinion,  that  artificial  manures 
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act  as  stimulants,  and  that  the  continual  employment  of  them 
tends  to  exhaust  the  soil.  This  idea  is  to  a  certain  extent  correct ; 
and  where  they  are  used  injudiciously  (as,  for  instance,  when  a 
mineral  manure  is  employed  upon  corn  crops)  it  would  lead  to 
such  a  result.     But  if  they  are  employed  to  increase  those  crops 


they  then  become  valuable  aids  to  the  natural  resources  of  the 
farmer. 

To  obtain  agricultural  crops  of  clover,  tares,  and  turnips, 
purely  artificial  conditions  of  growth,  quite  at  variance  with  the 
natural  tendency  of  the  plant,  are  induced :  and  it  is  well  known 
that  the  crop  of  clover  which  will  yield  the  most  hay  is  by  no 
means  that  which  would  be  selected  for  seed.  These  conditions 
are  secured  by  an  artificial  supply  of  certain  elements  favouring 
the  desired  determinations  of  the  plant ;  and  therefore  artificial 
manures  may  for  such  purposes  be  employed  with  advantage. 

If  grain  crops,  as  I  have  endeavoured  to  show,  can  be  grown 
at  a  cheaper  rate  by  the  production  of  meat,  than  by  the  direct 
action  of  artificial  manures,  the  propriety  of  adopting  the  former 
course  to  its  full  extent  becomes  simply  a  question  of  capital.  It 
would  require  five  times  as  much  capital  to  produce  the  same 
amount  of  corn  by  means  of  stock  as  could  be  produced  by  arti- 
ficial manures.  It  is  the  same  with  the  manufacturer  who  em- 
ploys a  high-pressure  or  a  double-cylinder  engine ;  with  the 
former  his  capital  invested  is  small,  but  the  interest  paid  upon  it, 
by  the  daily  consumption  of  fuel,  is  very  great,  while  with  the 
latter  his  invested  capital  is  large,  and  his  daily  interest  compara- 
tively small.  The  want  of  sufficient  capital  among  so  large  a 
portion  of  our  agriculturists  cannot  be  sufficiently  deplored  in  a 
national  point  of  view.  They  imagine  that  the  greater  extent  of 
land  they  can  farm  with  a  limited  capital,  the  greater  will  be  the 
interest  obtained  for  it ;  by  which  means  the  amount  of  labour 
employed  is  reduced  to  the  smallest  possible  extent.  High  prices 
have  hitherto  allowed  a  system  of  agriculture  to  be  pursued,  by 
which  little  more  than  the  natural  produce  is  obtained  from  the 
soil.  But  if  the  average  price  of  corn  should  ever  be  reduced  to 
the  standard  of  other  countries,  a  reduction  of  rent  must  take 
place  equivalent  to  this  diminution,  or  the  decrease  in  the  value 
of  corn  must  be  balanced  by  an  increased  average  produce  from 
the  soil. 
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Experience  is  a  legitimate  and  trustworthy  guide  in  all  the 
great  practical  arts  affecting  the  physical  condition  of  the  human 
race,  and,  for  agriculture,  as  for  many  other  branches  of  industry, 
has  attained  a  considerable  degree  of  progress  independently  of 
the  aid  of  science  ;  but  in  so  far  as  experience,  as  distinguished 
from  principle,  is  relied  upon,  must  we  be  content  that  the  soundest 
practices  should  only  be  adopted  by  that  small  proportion  of  the 
entire  masses  who  exercise  an  intelligent  observation,  and  have 
arrived  at  rules  for  future  guidance  more  or  less  by  the  lessons  of 
past  error.  But  although  the  results  of  investigation  into  the 
rationale  of  well  recognised  practices  should  prove  them  to  be  in 
the  main  consistent  with  philosophy,  rather  than  show  them  to 
be  fundamentally  erroneous,  yet,  when  it  is  remembered  that  a 
well  understood  and  simply  explicable  principle  is  much  more 
easily  acted  upon  and  by  a  much  greater  number  of  individuals 
than  are  the  dictates  of  the  most  acute  empiricism,  the  claim  of 
science  as  an  improver,  as  well  as  an  exponent  of  the  economic 
arts,  must  be  fully  admitted.  The  jroung  man  of  average  talent 
and  education,  by  the  assistance  of  prmciple,  attains  comparatively 
early  the  position  which  otherwise  half  a  life  is  spent  in  seeking. 
Granting,  however,  what  we  are  by  no  means  called  upon  to  do, 
that  the  best  practices  of  the  age  are  beyond  the  aid  of  science, 
and  that  their  more  current  adoption  rather  than  their  improve- 
ment is  to  be  expected,  a  better  knowledge  than  is  now  prevalent, 
regarding  the  first  principles  of  vegetable  growth,  will  serve  to 
protect  the  farmer  from  the  many  snares  into  which  either  fraud 
or  ignorance  would  lead  him.  If,  then,  the  results  of  investiga- 
tion should  tend  to  explain  and  to  enforce  good  old  practices, 
rather  than  to  put  forth  those  which  are  new  and  untried,  iBhfc 
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utility  or  even  the  necessity  of  the  application  of  science  to 
the  improvement  of  our  national  agriculture  will  not  be  the  less 
evident. 

The  question  with  the  agriculturist  is  not  so  much  what  are 
the  constituents  which  must  exist  in  his  soil  for  the  growth  of  a 
given  amount  of  produce  ?  but  what  constituents  or  class  of  con- 
stituents does  this  or  fhat  crop  exhaust,  relatively  to  another  con- 
stituent or  class  of  constituents  ?  Looking  at  the  subject  in  this 
point  of  view,  we  are  of  opinion  that  the  increased  growth  of 
corn  may  be  considered  to  have  a  very  intimate  relationship  to  the 
amount  of  nitrogen  supplied  to  the  soil :  and  since,  owing  to  the 
scarcity  and  high  price  of  ammoniacal  salts,  or  other  direct  nitro- 
genous supplies,  it  is  impossible  to  rely  upon  these  sources,  a 
rotation  of  crops,  and  the  importation  of  food  for  stock,  come  to 
be  not  merely  the  only  generally  applicable,  but  the  most  econo- 
mical, means  of  restoring  fertility  to  the  soil.  Under  such  a 
course  for  the  special  accumulation  of  nitrogen,  it  will  be  found 
that  there  is  always  secured  an  abundant  coincident  supply  of 
mineral  and  carbonaceous  substances,  and  hence  the  direct  impor- 
tation of  these  latter  substances  is  seldom  necessary. 

The  results  of  our  experiments  upon  wheat  and  other  plants  of 
the  gramineous  family  have  indeed  shown,  beyond  a  doubt,  that 
the  character  of  the  exhaustion  which  the  soil  suffers  by  their 
growth  is  essentially  and  pre-eminently  nitrogenous ;  and  since 
common  usage  bears  ample  testimony  to  the  efficiency  of  alternate 
cropping,  it  is  to  be  supposed  that  an  examination  into  the  com- 
position, habits,  and  sources  of  growth  of  the  plants  which  enter 
into  a  rotation,  would  bring  to  view  important  functional  differ- 
ences and  peculiarities  in  the  different  plants,  and  such  as  should 
give  confidence  in  general  principles  and  tend  to  improvement 
and  economy  in  practice. 

The  greatly  varying  form  and  appearance  of  the  various  agri- 
cultural plants,  implying,  as  undoubtedly  they  do,  essential 
differences  in  their  sources  of  nutriment,  have  led,  from  but 
superficial  observation  of  them,  to  erroneous  assumptions  regard- 
ing the  true  office  of  certain  plants  in  a  course  of  agricultural 
cropping.  Thus  it  is  by  some  maintained  that  the  large  surface 
of  leaf  put  forth  to  the  atmosphere  by  the  turnip,  taken  in  con- 
nexion with  the  general  character  and  utility  of  the  crop,  be- 
speaks an  almost  exclusive  reliance  upon  the  natural  resources 
of  the  atmosphere  for  its  carbonaceous  supply  ;  and  the  direct 
application  of  nitrogenous  manures  has  accordingly  been  recom- 
mended with  the  view  of  favouring  to  the  greatest  extent  the 
development  of  leaf  as  a  means  of  securing  bulb. 

Again,  agricultural  plants  have  been  arranged  according  to 
their  botanical  alliances ;  and  distinctions  between  the  necessary 
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conditions  of  artificial  supply  of  certain  constituents  have  been 
made,  which  are  inconsistent  with  the  dictates  of  experience,  and 
equally  so  with  those  to  which  we  are  led  when  other  circum- 
stances besides  the  (nevertheless  important)  botanical  distinctions 
are  brought  into  consideration.  The  varying  quantitative  reliance 
upon  the  atmosphere  and  the  soil  of  different  natural  families  of 
plants  constitutes  indeed  a  most  interesting  and  important  point  of 
study,  and  the  principles  upon  which  the  natural  system  is  founded 
may  derive  essential  confirmation  from  chemical  researches ;  but 
in  referring  the  varying  agricultural  value  of  different  plants  to 
the  functional  characters  of  the  several  natural  orders  to  which 
they  belong,  it  must  always  be  first  decided  that  the  natural  aim 
and  tendency  of  the  plant  and  order  are  favoured  by  our  methods 
and  objects  of  cultivation,  and  that  the  agricultural  value  of 
the  plant  is  in  no  way  dependent  on  a  monstrous  or  artificial 
development  at  variance  with  that  of  its  individual  health  and 
reproductive  tendencies.  . 

The  cultivation,  habit,  and  uses  of  the  turnip  are  well  suited  to 
form  a  contrast  to  those  of  our  grain  crops  ;  and  the  plant  itself 
may,  to  some  extent,  be  taken  as  the  type  of  the  green  or  fallow 
crops,  a  main  effect  of  which  is  the  preparation  of  the  soil  for  the 
after-growth  of  corn.  The  essentially  artificial  condition  which 
is  induced  in  the  cultivation  of  the  turnip  plant,  for  feeding  and 
manuring  purposes,  is  most  strikingly  illustrated  by  the  effect  of 
climate  and  manures  upon  the  quantity  and  composition  of  the 
produce. 

We  shall  now  proceed  to  discuss  in  detail  the  results  of  ex- 
periments which  have  been  in  progress  in  the  field  and  in  the 
laboratory  for  several  years,  and  which  were  undertaken  with  the 
view  of  elucidating  some  of  the  general  effects  of  rotation.  From 
the  commencement  of  the  inquiry  it  has  been  our  wish  to  avoid, 
as  far  as  possible,  the  bias  of  any  of  the  conflicting  opinions 
which  have  of  late  years  been  put  forth  upon  the  important 
subject  under  examination,  and  it  will  be  our  endeavour,  as  we 
proceed  in  our  Report,  impartially  to  lay  before  our  readers  such 
results  of  direct  experiment  as  will  enable  them  to  form  their 
own  estimate  of  the  soundness  of  any  views  which  we  may 
advocate  or  adopt. 

At  the  outset,  however,  it  may  be  well  to  caution  the  agricul- 
turist against  expecting  what  we  by  no  means  presume  to  exhibit. 
The  object  of  the  experiments  has  not  been  the  production  of 
immense  crops,  but  to  trace,  as  far  as  we  were  able,  the  real 
conditions  of  growth  required  by  the  turnip,  and  to  distinguish 
these  from  those  of  the  crops  to  which  it  is  to  a  great  extent 
subservient.  To  attain  our  object  it  will  be  necessary  to  speak 
of  amounts  of  produce  which  may  at  first  sight  excite  the  ridicule 
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of  those  who  do  not  fully  appreciate  the  nature  of  the  question  at 
issue  ;  but  those  who  choose  to  go  through  the  details  which  we 
are  about  to  quote  will,  it  is  thought,  find  that  a  true  under- 
standing of  them  tends  much  to  explain  the  principles  upon 
which  the  best  agriculture  is  founded. 

Before  entering  upon  a  consideration  of  the  turnip  results 
themselves,  we  shall  remind  the  reader  of  some  of  the  leading 
facts  which  may  be  assumed,  regarding  the  conditions  of  growth 
of  the  wheat  plant. 

In  the  paper  on  "  Agricultural  Chemistry  "  in  the  last  number 
of  this  Journal,  a  series  of  experiments  was  quoted  for  the  pur- 
pose of  showing  the  effect  of  season  and  manuring  upon  the 
growth  of  wheat ;  and  a  careful  consideration  of  diem  led  to 
some  very  important  conclusions  regarding  the  nature  of  the  ex- 
haustion by  corn-cropping,  and  also  as  to  the  varying  nutritive  and 
marketable  value  of  specimens  of  grain  having  different  characters 
and  composition,  traceable  to  known  conditions  of  growth. 

It  was  seen  that  the  varying  quantity  and  the  quality  of  the 
produce  of  a  plot  of  land,  unmanured  during  several  successive 
seasons,  were  materially  dependent  on  the  number  of  rainy  days, 
the  inches  of  rain  and  the  temperature,  of  the  months  of  May, 
June,  July,  and  August,  during  which  periods  the  accumulative 
and  elaborative  processes  of  the  wheat  plant  are  most  actively 
determined.  The  average  annual  produce  of  the  soil  and  season, 
unaided  by  manure,  amounted  to  about  three-fourths  of  the  esti- 
mated yield  of  the  neighbourhood  under  ordinary  cultivation — 
to  two- thirds  of  that  of  a  plot  manured  by  farm-yard  dung — and 
to  fully  half  as  much  as  might  be  expected  from  as  high  a  course 
of  farming  as  the  soil  and  the  climate  with  which  we  have  to  deal 
would  justify  us  in  adopting.  It  is  remarkable  too  that,  whilst 
the  quality  of  this  natural  produce,  as  indicated  by  the  relation  of 
corn  to  straw,  and  the  weight  per  bushel  of  the  corn,  varied  year 
by  year  according  to  season,  yet  the  characters  of  the  crops  grown 
by  very  various  and,  in  some  cases,  rather  high  manures,  were  for 
each  season  somewhat  similar  to  those  of  the  produce  of  the 
unmanured  plot.  It  is  evident,  then,  that  the  conditions  favour- 
able to  an  increased  growth  of  wheat  are  perfectly  consistent  in 
hind  with  the  natural  tendencies  of  the  plant,  and  that  they  only 
differ  quantitatively  from  the  natural  resources  of  soil  and  season, 
and  less  indeed  in  this  respect  than  might  have  been  supposed. 

The  following  table  exhibits  the  influence  of  season  upon  the 
produce  of  turnip-bulb  unaided  by  the  supply  of  .manure.  The 
soil  upon  which  the  experiments  were  conducted  was  a  somewhat 
heavy  loam,  not  well  suited  for  turnips ;  the  previous  crops  since 
manure  having  been  wheat,  clover,  wheat : — 
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Season. 

No  Manure. 

Bulb  per  Acre  in 

Avenge  weight 
or  bulbs  in  lbs. 
and  tenths. 

Tons.  cwts.  qrs.  lbs. 

1843 

4     3     3  2 

0-52 

1844 

2     4  10 

0-36 

1845 

0    13     2  24 

O'll 

It  is  seen  that  in  three  years  the  produce  of  this  unmanured 
plot  was  reduced  from  tons  to  13£  cwts.  per  acre ;  in  the 
fourth  season  (1846)  the  bulbs  only  averaged  the  size  of  a  radish, 
and  were  considered  to  be  not  worth  weighing.  This  result 
strikes  us  as  the  more  remarkable  when  we  reflect  that  to  the 
turnip  is  attributed  a  power  of  reliance  upon  the  atmosphere  for 
its  organic  constituents,  to  which  it  is  supposed  is  due  its  efficacy 
in  restoring  fertility  to  the  soil,  and  increasing  the  after-growth 
of  corn,  which  itself  attains  to  a  moderate  crop  under  the  influence 
of  soil  and  season  alone.  The  evidence  here  afforded  of  the 
totally  artificial  conditions  which  are  induced  in  the  cultivation  of 
the  turnip  for  feeding  and  manuring  purposes,  is  of  the  clearest 
kind  ;  and  we  shall  have  occasion  further  on  to  refer  to  other 
points  than  those  here  given,  as  illustrating  so  curious  a  result. 

Our  present  object  is  to  show  the  entire  absence  of  any  bene- 
ficial influence  of  season  upon  the  growth  of  the  turnip,  inde- 
pendently of  artificial  supply  of  constituents.  An  inspection  of 
the  two  following  tables,  giving  the  results  obtained  by  various 
manures  during  three  seasons,  and  the  characters  of  the  seasons 
themselves,  affords  some  insight  into  the  general  influence  of  climate 
upon  the  growth  of  the  cultivated  turnip.  It  must  be  admitted, 
however,  that  the  relation  is  by  no  means  so  quantitatively  definite 
as  in  the  case  of  wheat ;  whilst  the  conditions  suited  to  the  favour- 
able growth  of  the  two  plants  are  very  opposite  in  kind : — 


Bnlb  per  Acre,  in  Tons,  cwta„  qrs.,  and  lbs. 

Average  weight  of  Bulbs 
In  lbs.  and  tenths. 

Season. 

i 

12  Tons 
Farm-yard 
dung. 

Superphosphate 
of  Lime. 

Mixed  earthy 
and  alkaline 
Phosphates  and 
Sulphates. 

12  Tons 
Farm-yard 
dung. 

Super- 
phosphate 
of  Lime. 

Mixed 
earthy  and 
alkaline 
Phosphates 

Sulphates. 

1843 

Tubs,  emu.  qn.  lbs. 

9     9    2  9 

Tom.  cwU.  qn.  lb*. 

12     3    2  8 

Tom.  cwts.  qn.  lbs. 

11    17    2  0 

1-36 

1-47 

1*35 

1844 

10    15    1  0 

7    14    3  0 

5    13    2  0 

1-19 

0'8l 

0'68 

1845 

17     0    3  6 

12    13    3  12 

12    12    2  8 

1-61 

1-17 

1-16 
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A  detailed  consideration  of  the  produce  of  the  several  seasons 
under  different  conditions  of  manuring,  as  just  given,  cannot  fail 
to  show  in  which  were  the  climatic  influences  most  favourable  to 
the  growth  of  the  cultivated  turnip.  It  will  be  remembered  that, 
without  manure,  the  produce  of  the  first  of  the  three  seasons  was 
much  below  the  most  meagre  agricultural  amount ;  and  that  in 
the  third  and  fourth  it  dwindled  to  almost  nothing.  This  table, 
on  the  other  hand,  shows  that  under  a  course  of  manuring  the 
third  season  yielded  the  largest  crop,  and  the  second  invariably 
the  least.  The  average  produce  of  the  first  season,  where  farm- 
yard-dung is  employed,  is  not  superior  to  that  of  the  second 
season  under  similar  conditions  of  supply,  though  it  is  so  in  each 
of  the  cases  where  mineral  manures  alone  are  used.  If  we  look 
to  the  average  weight  of  the  bulbs,  however,  as  given  in  the 
table,  it  will  be  seen  that  the  development  was  superior  in  the 
first  year  to  that  in  the  second,  though  inferior  to  that  in  the 
third.  The  seeming  depreciation  in  the  first  season,  indicated 
by  the  acreage  yield,  arose  from  the  adventitious  circumstance  of 
the  greater  destruction  of  plants  by  disease  in  that  season,  from 
which  cause  their  number  was  greatly  diminished.  The  dis- 
crepancy is,  therefore,  apparent  rather  than  real ;  the  result 
being  dependent,  not  upon  the  amount  of  supply  by  season  and 
manure,  but  upon  injury  which  is  more  frequently  connected  with 
rich  than  with  poor  manuring.  Again,  neither  the  acreage  pro- 
duce nor  the  average  weight  of  bulbs,  where  mineral  manures 
alone  were  employed,  shows  so  marked  a  superiority  of  the  third 
season  as  compared  with  the  first,  as  is  evinced  in  the  case  of 
the  farmyard-dung,  by  which  a  large  amount  of  organic  matter 
was  supplied  to  the  plants.  We  shall  have  occasion  to  show, 
however,  when  treating  of  the  effects  of  manures  upon  the  growth 
of  the  turnip,  that  there  was  a  deficiency  of  carbonaceous  supply 
in  the  soil  in  the  cases  where  mineral  manures  alone  had  been 
used,  which  gave  to  the  farmyard-dung  its  superiority  in  the 
third  season.  Upon  the  whole  it  is  evident  from  the  results, 
that  of  the  three  seasons  the  third  was  by  far  the  best  suited  to 
the  growth  of  the  turnip  for  feeding  purposes,  and  that  the 
second  was  the  least  so. 

Of  the  real  character  of  these  seasons  some  judgment  may  be 
formed  by  an  inspection  of  the  following  table,  in  which  is  given 
a  summary  of  the  statistics  provided  by  the  rain-gauge  and  the 
register  thermometer,  in  reference  to  die  climate  of  the  three* 
seasons  during  the  months  of  July,  August,  September,  and 
October,  which  may  be  considered  to  include  the  period  of  the 
active  growth  of  the  turnip  : — 
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Daring  July  (last  14  days). 

During  August. 

Season. 

Mean 
Tempera- 
ture. 

No.  of 
rainy 
days. 

Inches 

of 
Rain. 

Season. 

Mean 
Tempera- 
ture. 

No.  of 
rainy 
days. 

Inches 

of 
Bain. 

1843 

59-7 

11 

1-04 

1843 

63*4 

12 

3-38 

1844 

65  8 

3 

0*55 

1844 

59-7 

14 

1-84 

1845 

59*4 

7 

0-97 

1845 

59 '0 

17 

2-79 

During  September. 

During  October. 

Mean 
Season.   '  Tempera- 
!  tore. 

No.  of 
rainy 
days. 

Inches 

of 
Bain. 

Season. 

Mean 
Tempera- 
ture. 

No.  of 
rainy 
days. 

Inches 

of 
Rain. 

1843 

61*9 

i 

5 

0  98 

1843 

49'0 

15 

2*62 

1844 

589 

14 

1*38 

1844 

50-2 

17 

4-13 

1845 

1  54-8 

14 

1'77 

1845 

50-0 

10 

1-39 

By  such  a  summary  as  is  here  given,  of  course  only  the  gene- 
ral differences  in  the  seasons  are  brought  to  light;  but  our 
readers  will  probably  admit  that  the  greatly  increased  labour  of 
examination,  were  the  table  more  extended  and  in  detail,  would 
scarcely  be  compensated  for,  if  the  main  characters,  requisites, 
and  offices  of  the  turnip  season  can  be  ascertained  without  it. 

A  relatively  large  number  of  rainy  days,  an  enhanced  actual 
amount  of  rain,  and  a  low  degree  of  temperature,  are  prominently 
the  characters  which  distinguish  the  assumed  turnip  season  of 
1845  from  that  of  the  two  preceding  years,  and  during  a  con- 
siderable portion  of  the  period,  especially,  from  that  of  1843. 

Thus,  taking  the  items  somewhat  in  the  order  in  which  they 
are  given,  we  find  that  in  the  latter  half  of  the  month  of  July, 
upon  the  character  of  which  so  materially  depended  the  early 
development  of  the  plant,  and  on  this  its  future  growth,  in  the 
seasons  of  1843  and  1845  the  temperature  was  lower  than  in 
1844 ;  and  in  1845  the  number  of  rainy  days  is  more  than  double 
that  in  1844,  though  somewhat  less  than  in  1843,  whilst  the  total 
amount  of  rain  was  much  greater  in  1845  than  in  1844,  and 
nearly  equal  to  that  in  1843.  In  August  we  have  in  1845  the 
lowest  temperature,  the  greatest  number  of  rainy  days,  and, 
though  not  the  largest  actual  amount  of  rain,  a  quantity  large 
compared  with  1844,  though  below  that  in  1843.  September 
indicates  still  the  lowest  temperature  in  1845,  a  number  of  rainy 
days  equal  to  1844  and  far  exceeding  1843,  and  also  the  largest 
actual  amount  of  rain.    The  month  of  October,  on  the  other 
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hand,  shows  in  1845  the  smallest  number  of  rainy  days,  as  well  as 
actual  fall  of  rain,  and  a  mean  temperature  not  so  low  as  in 
1843. 

In  these  facts,  even  though  so  general  and  limited  in  their 
indications,  there  is  scarcely  one  which  does  not  show  that  the 
most  favourable  conditions  of  growth  for  our  cultivated,  bulb* 
forming  turnips  are,  relatively  to  those  for  the  seed-producing 
gramineous  plants,  a  low  degree  of  temperature,  a  large  number 
of  rainy  days,  and  a  large  actual  amount  of  rain.  The  seeming 
deviation  from  this  general  postulate,  which  is  indicated  by  the 
character  of  the  month  of  October  in  the  third  or  best  turnip 
season,  is,  however,  by  no  means  inconsistent  with  our  estimate 
of  the  requisites  of  such  a  season,  but  rather  conduces  still  further 
to  account  for  the  observed  superiority  of  effect ;  for  whilst,  com- 
pared with  plants  which  are  cultivated  for  highly  elaborated 
products,  such  as  the  cereal  grains,  we  should  expect  the  mainly 
accumulative  and  deficiently  elaborative  processes  of  the  bulb 
and  leaf  forming  turnip  would  require  a  lower  degree  of  tem- 
perature and  a  greater  amount  of  moisture  favouring  the  circu- 
latory determinations  of  the  plants,  there  is,  nevertheless,  a  point 
at  which  depreciation  in  temperature  is  injurious  to  vegetation. 
Indeed  the  full  growth  of  the  turnip  crop  depends  greatly  on  the 
postponement  of  the  winter  temperature,  and  hence  probably 
arose  a  real  advantage  from  the  relatively  high  (though  actually 
low)  temperature  in  the  October  of  1845.  Again,  the  lower  the 
temperature,  the  less  important  are  a  continuity  and  large  amount 
of  rain. 

As  a  general  fact  it  is  evident,  that  the  amount  of  the  produce 
of  the  turnip  is  very  materially  dependent  upon  the  climatic 
character  of  the  season,  not  only  as  in  itself  a  resource,  but  as  an 
essential  agent  in  the  appropriative  power  of  the  plant,  however 
liberal  and  complete  may  be  the  supply  of  constituents  within 
the  soil.  Whilst,  however,  it  may  frequently  happen  that  the 
physical  characters  of  the  season  may  be  such  as  not  to  render 
available  to  the  plant,  and  at  once  profitable  to  the  farmer,  the 
constituents  which  he  has  provided  by  manure,  it  is  evident  from 
the  results  which  have  been  given,  that,  without  an  ample 
manuring,  the  best  adapted  season  is  incapable  of  yielding  an 
agricultural  amount  of  turnips.  It  is  to  be  feared,  however,  that 
it  is  more  frequently  the  essential  condition  of  artificial  aid, 
rather  than  that  of  natural  climatic  agency  and  resource,  that  is 
in  defect. 

Common  usage  seems  to  attribute  to  the  turnip,  and  green 
crops  generally,  a  power  of  collection  from  the  atmosphere  which 
is  not  recognised  in  our  grain-yielding  plants ;  and  it  may  at  first 
sight  appear  inconsistent  with  this  view,  that  the  growth  of  the 
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turnip  in  agricultural  quantity  should  be  so  essentially  dependent 
on  artificial  supply  as  our  results  would  show  to  be  the  case. 
There  can  be  no  doubt  that  there  is  some  truth  in  this  current 
supposition,  but  there  is  little  doubt  that  the  power  of  collection 
from  the  atmosphere  very  materially  depends  upon  the  quantity 
and  quality  of  Che  supply  to  the  soil  by  manures ;  in  fact,  that 
upon  the  judicious  and  liberal  provision  of  certain  constituents 
by  art  we  must  rest  our  hopes  for  atmospheric  accumulation. 

Having  shown,  then,  that  climatic  agencies  constitute  an 
important  element  in  the  necessary  conditions  of  growth  of  our 
cultivated  turnip,  and  that  these  are  only  available  when  asso- 
ciated with  an  abundant  artificial  supply  of  certain  constituents, 
the  question  arises — What  are  the  substances  which  it  is  essential 
should  thus  be  provided  ?  This  brings  us  to  the  second  branch 
of  our  subject,  namely,  the  influence  of  manuring  upon  the  growth 
of  the  turnip. 

Having  discussed  in  some  detail  the  comparative  characters 
of  the  first  three  seasons  during  which  we  have  been  conducting 
an  extensive  series  of  experiments,  under  very  various  yet  known 
conditions  of  manuring,  we  are  prepared  to  consider  the  results 
of  those  experiments  ;  and  it  is  believed  that  those  of  them  which 
were  obtained  in  the  three  years  referred  to  will  amply  suffice  to 
indicate  the  nature  of  the  necessary  supply  by  manure,  and  also 
to  lead  to  some  interesting  and  important  explanations  regarding 
the  true  office  of  the  turnip  in  a  course  of  agricultural  cropping, 
and  the  sources  of  its  economic  value.  We  would  again  remind 
our  readers  that  the  object  of  the  experiments  was  not  the  pro- 
duction of  large  crops,  but  to  learn,  by  the  effects  of  different  and 
known  conditions  of  supply,  in  what  respect  and  to  what  extent 
the  plant  was  dependent  upon  the  resources  which  must  be  kept 
up  by  the  farmer,  and  how  far  he  may  rely  upon  the  natural  yield 
of  the  atmosphere ;  for  it  is  the  item  of  source  of  constituents,  as 
well  as  that  of  quantity  and  quality,  which  should  influence  our 
selection  of  plants  and  manures  under  a  truly  rational  and 
economic  system  of  agriculture. 

The  experiments  were  commenced  in  the  season  of  1843,  the 
early  part  of  which,  it  will  be  remembered,  was  greatly  superior 
to  that  of  1844,  and  equal  to  that  of  1845  in  suitableness  to  the 
growth  of  the  turnip ;  but  in  the  middle  and  latter  periods  it  was 
inferior  to  either  of  the  two  succeeding  seasons.  The  soil  was  a 
somewhat  heavy  loam,  not  well  adapted  for  turnips ;  but  as  the 
plant  is  cultivated  on  such  land  with  admitted  advantage  for  rota- 
tion purposes,  it  was  well  fitted  to  answer  our  special  ends.  The 
previous  crops  since  manure  had  been  wheat,  clover,  wheat ;  so 
that  in  an  agricultural  point  of  view  the  soil  might  be  considered 
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as  somewhat  exhausted,  and  therefore  in  a  favourable  condition 
for  an  inquiry  into  the  influence  of  supply  by  manuring.  The 
description  of  seed  was  Norfolk  Whites.  The  manures  and  seed 
were  drilled  together  on  ridges,  there  being  25  inches  between 
the  rows.  The  plots  allotted  to  each  experiment  comprised  six 
rows,  and  consisted  of  about  one-third  of  an  acre.  The  crop  was 
calculated  from  weighed  quantities  taken  from  measured  portions 
of  land,  of  about  one-eighth  of  an  acre  for  each  lot,  and  extending 
across  the  series  in  three  different  places. 


Table  showing  the  results  of  Experiments  upon  the  Growth  of  Turnips  by 
Manures,  at  Rothamsted  Farm,  Herts. 

First  Season,  1843. 


16 


18 


19 


21 


Description  op  Makubes. 

Quantities  expressed  in  weight  per  acre. 
Each  lot  made  up  at  the  rate  of  14 
bushels  per  acre,  with  clay  and  weed- 
ashes. 


12  tons  farm-yard  dung   

No  manure  

64  cwts.  rape<ake   

54  cwts.  rape-cake,  2  bushels  yeast . 

8  bushels  yeast  

2+  cwts.  superphosphate  of  lime,  12  lbs. ) 

sulphate  of  ammonia,  4  bushels  of  yeast y 

56  lbs.  sulphate  of  ammonia   

24  cwts.  superphosphate  of  lime,  df  cwts.  \ 

rape-cake   ) 

14  cwt  superphosphate  of  lime,  5*  cwts.  \ 

rape-cake   ) 

3f  cwts.  superphosphate  of  lime,  1  cwt  \ 

rape-cake   5 

Refuse  matter  containing  much  precipi-  ) 

tated  phosphate  of  lime,  rape-cake,  Jfcc  5 
2+  cwts.  superphosphate  of  lime,  2  cwts.  5 

rape  cake,  20  lbs.  sulphate  of  ammonia  5 
14  cwt.  superphosphate  of  lime,  1  cwt ) 

rape-cake,  40  lbs.  sulphate  of  ammonia  j 
It  cwt.  superphosphate  of  lime,  if  cwts  ) 

rape-cake,  10  lbs.  sulphate  of  ammonia  j 
df  cwts.  superphosphate  of  lime,  2f  cwts. ) 

rape-cake,  20  lbs.  sulphate  of  ammonia  f 
3f  cwts.  superphosphate  of  lime,  1 4  cwts.  > 

phosphate  of  magnesia-manure  . .  J 
34  cwtn.  superphosphate  of  lime,  150  lbs.  i 

phosphate  of  potass-mauure  . .  . .  3 
34  cwts.  superphosphate  of  lime,  84  lbs. ) 

phosphate  of  magnesia,  75  lbs.  phos- > 

phate  of  potass   j 

As  18,  with  30  lbs.  sulphate  of  ammonia 
34  cwts.  superphosphate  of  lime,  14  cwts. ) 

rupe-cake,  10  11m.  sulphate  of  ammonia  j 
Unburnt  bones  decomposed  by  sulphuric ) 

acid,  7  bushels   ) 

44  cwts.  superphosphate  of  lime  . . 
Clay  and  weed-ashes  only,  15  bushels 


Average 
weight 

of  Bulbs 
in  lbs. 
and 

Number 
of 

per  acre. 

Bulb 
per  acre, 
com- 
pared 
with 
No.  2  as 
1000. 

Bulb 
per  Acre 
In  tons,  cwts, 
qrt,  and  lbs. 

Bulb 
per  Acre, 
if  4  plant 
in  a 
square  yard 
191360  in  1 
acre. 

s 

= 
in 

1-36 

15,571 

2962 

Tom 

9 

9 

Lr 

9 

Ton 
11 

cwts 

15 

.  qn.  lb*. 
0  9 

0-52 

17,940 

1000 

4 

8 

3 

2 

4 

9 

2 

6 

108 

17,043 

1967 

8 

4 

3 

12 

9 

6 

2 

21 

116 

15,467 

1926 

8 

1 

1 

11 

10 

0 

2 

1 

1-21 

20,240 

2622 

10 

19 

2 

19 

10 

9 

0 

17 

1-33 

19,573 

2796 

11 

14 

0 

22 

11 

9 

3 

17 

103 

14,996 

1653 

6 

18 

1 

2ft 

8 

18 

0 

5 

1-69 

16.096 

2894 

12 

2 

1 

21 

14 

12 

0 

14 

1*32 

15,295 

2490 

10 

8 

2 

5 

13 

2 

2 

17 

1-58 

18.019 

3042 

12 

14 

3 

6 

13 

13 

0 

13 

1-42 

17,928 

2734 

11 

9 

0 

5 

12 

5 

1 

23 

1-48 

17,112 

2720 

a 

7 

3 

7 

12 

15 

3 

9 

142 

16,617 

2531 

10 

12 

5 

12 

5 

1 

23 

1*23 

17,790 

2340 

9 

15 

3 

25 

10 

12 

2 

12 

1*75 

15, 08* 

2841 

11 

17 

3 

18 

15 

2 

2 

0 

1-39 

19,975 

2974 

12 

9 

0 

15 

12 

0 

1 

2 

1-36 

19,228 

2804 

11 

14 

3 

19 

11 

15 

0 

9 

I-8S 

19,642 

2835 

11 

17 

2 

0 

11 

13 

1 

12 

149 

19,113 

3045 

12 

5 

13 

12 

17 

2 

6 

158 

16,916 

2860 

11 

19 

1 

23 

13 

13 

0 

13 

1*48 

17,675 

2804 

11 

14 

3 

19 

12 

16 

3 

9 

1-47 

18,446 

2908 

12 

3 

2 

8 

12 

14 

0 

10 

1-32 

18,743 

2650 

11 

1 

3 

21 

11 

8 

0 

20 

The  terms  superphosphate  of  lime,  phosphate  "of  potass,  phosphate  of  soda,  and  phosphate  of  magnwrfa.  as 
found  m  this  table,  and  others  which  follow  it,  are  not  to  be  understood  as  representing  the  pure  chemical 
substances  bearing  those  names.  The  composts  were  formed  by  acting  upon  calcined  bone-dust  by  means  of 
sulphuric  acid  in  the  first  instance ;  and  in  the  case  of  the  alkaline  salts,  and  the  m»gn^  .n  one  neutralising 
the  compound  thus  obtained,  by. means  of  cheap  preparations  of  the  respective  bases. " 
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Were  we  to  look  at  the  results  of  this  Table  with  a  purely  agri- 
cultural eye,  the  column  of  acreage  weight  of  bulb  would  be 
sufficient  to  guide  our  judgment  as  to  the  efficiency  of  the  various 
manures;  but  since  the  object  of  the  experiments  is  rather  to 
provide  a  key  to  the  requirements  of  the  turnip  than  to  afford  exact 
examples  of  manuring,  other  items  than  that  of  the  actual  acreage 
results  obtained  must  be  taken  into  consideration  in  forming  an 
estimate  respecting  the  nature  of  the  conditions  which  cultivation 
should  be  calculated  to  supply.  Manures,  indeed,  cannot  be  re- 
garded only  as  containing  certain  constituents  convertible  into  the 
substance  of  the  crops,  but  also  as  agents  acting  beneficially  or 
otherwise  according  to  the  form  or  combinations  in  which  they 
are  supplied,  and  their  adaptation  to  soil  and  season.  Thus  it  is 
known  that  the  casualties  and  tendencies  to  disease  or  prevalence 
of  insects  often  prove  more  destructive  to  the  young  turnip-plant 
under  high  farming,  when  the  soil  abounds  in  animal  and  vege- 
table matter,  than  when  it  is  deficient  in  such  substances  ;  and 
the  number  of  plants  per  acre  may  by  such  causes  be  so  greatly 
reduced  as  to  show  a  better  acreage  yield  under  bad  than  under 
liberal  cultivation.  The  number  of  plants  per  acre  must  not 
therefore  be  overlooked  in  considering  the  results  of  the  Table. 
The  average  weight  of  bulb  may  also  be  taken  as  to  some  extent 
indicating  the  relative  effects  of  different  conditions  of  growth. 
Where  we  have  an  increased  average  weight,  as  well  as  a  large 
number  of  plants,  both  agency  and  supply  have  been  favourable 
to  the  requirements  of  the  plant ;  and  although  the  efficiency  of 
either  of  them  is  dependent  on  that  of  the  other,  it  may  as  a 
general  fact  be  assumed  that  a  high  number  of  plants  indicates 
a  favourable  condition,  and  a  large  average  weight  a  favourable 
amount  of  supply.  Bearing  in  mind  these  considerations,  we  have 
given  in  the  last  column  of  the  Table  the  estimated  acreage  yield, 
calculated  from  the  actual  average  weight  of  bulb, -and  supposing 
a  uniform  number  of  plants  per  acre,  namely,  19,360,  or  4  in  a 
square  yard.  Such  an  arrangement  would  give  about  12 J  inches 
from  plant  to  plant  along  the  rows,  and  may  be  taken  as  affording 
a  more  just  view  of  the  effects  of  the  manures,  independently  of 
the  contingencies  arising  from  the  manner  of  their  application. 

In  reference  to  the  results  of  this  first  season  it  must  further  be 
remarked,  that  the  previous  course  having  been  wheat,  clover, 
wheat,  the  peculiar  exhaustion  of  the  soil  would  be  that  induced 
by  corn-cropping  ;  and  if  there  be  any  truth  in  the  opinions  which 
we  have  given  elsewhere  on  this  subject,  this  would  imply  a  de- 
ficiency of  nitrogen  relatively  to  other  constituents,  so  far  as  the 
future  growth  of  wheat  would  be  concerned  ;  and  it  would  appear 
from  the  amounts  of  produce  without  manure  during  the  three 
seasons,  as  already  given,  that  in  some  important  respects  t\ie  cow- 
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ditions  of  exhaustion  most  favourable  to  an  investigation  into  the 
effects  of  supply  for  the  growth  of  the  turnip,  were  not  so  promi- 
nent in  the  first  season  as  afterwards,  when  the  unaided  yield  was 
little  more  than  a  weed,  so  that  the  entire  produce  under  manures 
could  then  be  attributed  either  to  their  agency  or  their  supply. 

The  following  selected  results,  showing  the  average  weight  of 
bulbs  and  number  of  plants  per  acre,  yielded  by  manures  which, 
compared  with  each  otiher,  are  respectively  mineral,  nitrogenous,  or 
carbonaceous,  will  point  to  some  of  the  conditions  which  it  is  essen- 
tial to  provide  for  the  healthy  and  rapid  growth  of  the  turnip : — 


Selected  Results. 


Plot 

Number 
of 

[*T  Am, 

Weight  ol 

Bulla 
In  it*,  and 

tenths 

2 

:s 
7 
16 
17 

6 J  cwts.  rape-cake  .  - 

3i  c wts,  superphoBph.  lime,  I )  cwt  phos.  of  magu.  manure 
M          |.|         M      l&O  lbs,  phos.  potsiss  manure 
t(          ,„        ,t     84  lbs,  phoa,  mag.  75  lbs.  phos.  1 
pot.  manure 

17,940 
17,043 
14,996 
19T975 
19,228 

If ,649 

0'52 
1*08 

1-39 
|*96 

1-35 

16,446 

1*47 

The  figures  in  the  first  column  show  a  great  destruction  of 
plants  under  direct  ammoniacal  supply,  as  well  as  considerable 
depreciation  where  rape-cake  was  used ;  and  common  experience 
teaches  us  that,  however  useful  rape-cake  and  ammoniacal  salts, 
or  guanos  containing  much  ammonia,  may  be  as  manures  for 
turnips,  substances  of  their  description  are  never  safely  applied 
near  to  the  seed.  Other  instances  than  those  quoted  above  from 
the  table  at  page  12  distinctly  show  the  injurious  influence  of 
organic  manures  when  drilled  with  the  seed ;  indeed,  it  may  be 
laid  down  as  a  general  rule  that,  especially  for  all  spring  crops, 
it  is  much  more  safe  to  apply  such  matters  broadcast,  and  incorpo- 
rate them  well  with  the  soil.  The  conflicting  accounts  which  are 
given  of  the  effects  of  guano  and  ammoniacal  salts  when  they  are 
supplied  to  spring  corn  crops,  and  of  these  manures  and  rape- 
cake  when  used  for  turnips,  are,  it  is  believed,  mainly  attributable 
to  differences  in  the  manner  of  their  application;  and  whilst 
with  a  very  wet  season  no  injury,  or  perhaps  benefit*  may  arise 
from  the  use  of  the  manure  drill  in  such  cases,  by  far  the  safest 
course  is  to  sow  broadcast 

The  second  column  of  the  selected  results  shows  for  this  season 
of  1843  a  considerable  superiority  in  point  of  development,  as  well 
as  number,  of  surviving  plants,  under  purely  mineral  by  the  side 
of  organic  manures ;  and,  compared  with  the  unmanured  plot, 
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those  having  manures  only  mineral  indicate  a  growth  almost 
threefold  in  the  same  space  of  time,  whilst  the  aqtual  acreage 
amount  of  produce  is  in  these  cases  very  nearly  as  great  as  in  any 
of  the  series  ;  indeed,  mineral  manures  alone  have  nearly  trebled 
the  unaided  produce  of  the  soil  and  season. 

These  results  might  almost  lead  us  to  question  the  importance 
of  organic  manuring  for  the  turnip  crop,  and  to  assume  that  a 
deficiency  in  mineral  matters  was  the  source  of  impoverishment 
in  the  case  of  the  soil  selected  for  experiment ;  but  as  we  proceed 
it  will  be  seen  that,  however  marked  may  have  been  the  effect  of 
mineral  matters  in  developing  the  powers  of  growth  of  the  plant, 
as  long  as  a  sufficiency  of  organic  food  remained,  yet  a  point  of 
exhaustion  was  arrived  at  when,  by  a  less  amount  of  mineral 
matter,  if  in  conjunction  with  organic  supply  (especially  such  as 
could  yield  carbon  to  the  plants),  the  rapidity  of  bulb  formation 
was  materially  enhanced. 

Before  leaving  these  results  it  is  as  well  to  observe,  that  not- 
withstanding the  large  amount  of  potass  required  by  the  turnip, 
the  direct  supply  of  that  alkali  did  not  give  a  produce  superior 
to  that  by  superphosphate  of  lime.  We  shall  have  occasion  to 
recur  to  the  question,  whether  part  of  the  effect  of  the  latter 
manure  is  not  due  to  its  liberation  in  the  soil  of  alkalis  not 
otherwise  available  to  the  plant  All  we  wish  to  call  attention  to 
at  the  present  is,  that  there  was  an  abundant  amount  of  alkalis  in 
this  corn-exhausted  soil,  which  could  be  rendered  serviceable 
under  suitable  management 

The  next  quotations  which  we  shall  make  from  the  table  (page 
12)  will  serve  to  illustrate  the  effect  of  the  artificial  supply  of 
matter  for  organic  formations,  aided  by  certain  mineral  agency 
and  constituency : — 

Selected  Results. 


Description  of  Manures. 


Average 
weight 
of  Bulbs. 


Number 
of  Plants 
per  Acre. 


21  cwts.  superphosphate  of  lime,  3]  cwts.  rape-cake 

If       99  99  5»       »>  If  " 

Sf>>  »»  lf»  99 

2}  cwts.  superphosphate  of  lime,  2  cwts.  rape-cake,  20  lbs. 

sulphate  of  ammonia    

1}  cwt.  superphosphate  of  lime,  1  cwt  rape-cake,  40  lbs.) 

sulphate  of  ammonia   J 

If  cwt.  superphosphate  of  lime,  3|  cwts.  rape-cake,  10  lbs.  1 

sulphate  of  ammonia  ) 

3f  cwts.  superphosphate  of  lime,  2f  cwts.  rape-cake,  20  lbs.| 

sulphate  of  ammonia  I 

3}  cwts.  superphosphate  of  lime,  84  lbs.  phosphate,  magnesia,  \ 

75  lbs.  phosphate  of  potass,  30  lbs.  sulphate  of  ammonia/ 
3}  cwts.  superphosphate  of  lime,  1}  cwt.  rape-cake,  16  lbs.) 

sulphate  of  ammonia   ,  J 


1*69 
1-52 
1«58 

1-48 
1*42 
1-23 
1-75 
1-49 
1-58 


16,096 
15,295 
18,009 

17,112 
16,617 
17,790 
15,088 
19,113 
16,916 
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It  may  be  objected  that  the  average  weight  of  bulbs,  as  stated 
above  is  in  itself  small,  and  that  the  differences  exhibited  are  too 
slight  to  be  relied  upon  as  showing  a  result.  We  would  beg  to 
say,  however,  that  the  estimations  were  taken  from  the  whole  of 
the  bulbs  that  were  weighed  in  each  case,  amounting  to  nearly 
2000,  and  that  we  believe  they  may  be  depended  upon  for  our 
present  purpose. 

It  will  be  remembered  that  with  mineral  manures  alone  there 
were,  on  an  average,  rather  more  than  19,000  plants  per  acre, 
but  a  glance  at  the  results  just  given  will  show  how  uniformly  the 
direct  supply  by  the  drill  of  "  organic  manures  "  tended  to  lessen 
the  number.  Again,  it  has  been  seen  that  the  highest  average 
weight  of  bulbs  (indicating  the  degree  of  development)  was,  by 
purely  mineral  manures,  1*47  lb.,  by  sulphate  of  ammonia  1*03, 
and  by  rape-cake  alone  1*08  lb.  The  fact  that  these  conditions 
of  manuring,  employed  singly,  fall  far  short  of  their  effects  when 
combined,  help  us  to  form  some  judgment  as  to  the  point  at 
which  the  one  or  another  class  of  constituents  seems  to  fail, 
either  in  quantity  or  in  adaptation  to  the  wants  of  the  plant. 

Taking  the  lots  8,  9,  and  10,  we  find  the  largest  numbef  of 
plants  where  the  proportion  of  mineral  supply  to  that  of  rape- 
cake  is  the  greatest,  and  the  smallest  number  where  the  rape-cake 
is  relatively  in  excess.  The  weight  of  bulbs  is  least  where  the 
mineral  matters  are  most  in  defect,  and  greatest  where  neither 
condition  was  to  the  other  so  prominent  as  in  the  other  two  cases. 

Again  taking  Nos.  12,  13,  14,  and  15,  in  which  superphos- 
phate of  lime  was  united  with  both  rape-cake  and  ammoniacal 
salt,  the  largest  weight  of  bulb  in  the  entire  series  of  the  season 
is  found  to  be  in  that  case  where,  with  a  fair  supply  of  each,  no 
one  of  the  several  manures  predominated  so  much  as  in  either  of 
the  three  other  instances  just  mentioned. 

Were  we  to  place  unconditional  reliance  upon  mere  supply  of 
constituents  for  actual  conversion  into  the  substance  of  the  plant, 
we  should  expect  that  the  farm-yard  dung  would  give,  in  every 
respect,  the  best  crop  in  the  series ;  but  agency,  as  distinguished 
from  mere  supply,  seems  to  constitute  a  most  important  item, 
affecting  the  development  of  those  truly  artificial  conditions  of 
growth  which  the  cultivation  of  the  turnip,  for  feeding  and  ma- 
nuring purposes,  so  pre-eminently  implies.  In  the  farm-yard 
dung  we  had  undoubtedly  the  largest  provision  of  nitrogenous, 
and  especially  of  carbonaceous  matter,  and  it  may  be  supposed 
that  it  also  brought  to  the  soil  such  an  abundance  of  all  the 
mineral  substances  as  would  be  contained  in  a  much  larger  crop 
than  was  produced  by  it. 

The  results  arranged  below  will  sufficiently  prove  that,  how- 
ever liberal  the  supply  of  all  required  constituents,  the  health 
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and  vigour  of  the  plant,  or  its  power  of  appropriating  the  food 
presented  to  it,  depends  upon  other  circumstances  than  the  mere 
amount  of  that  food. 

Selected  Besults. 


5«. 


Description  of  Mamma. 


12  tons  farm-yard  dang  

2}  cwts.  superphosphate  of  lime,  3}  cwts.  rape-cake 
3f  cwta.  superphosphate  of  lime,  2f  cwts.  rape-) 

cake,  20  lbs.  sulphate  of  ammonia   f 

3j  cwts  superphosphate  of  lime,  84  lbs.  phosphate  j 

of  magnesia,  75  lbs.  phosphate  of  potass  . .  / 
4}  cwts.  superphosphate  of  lime  


Average 
Weight  of 
Bulb. 

Number  of 

Plants 
per  Acre. 

1*36 

15,571 

1-69 

16,096 

1-75 

15,088 

1-35 

19,642 

1-47 

18,446 

We  see  that  the  farm-yard  dung  gave  a  number  of  surviving 
plants  nearly  as  small  as  any  in  this  series,  and  very  far  short  of 
that  obtained  by  mere  mineral,  or  frequently  by  mixed  mineral 
and  organic  supply.  Again,  the  weight  of  bulbs  is  only  equal  to 
the  lowest  resulting  from  pure  mineral  manuring,  and  inferior  to 
that  in  other  cases  of  such  manuring.  In  Nos.  8  and  15,  on  the 
one  hand,  the  amount  of  supply,  especially  of  matter  for  organic 
formations,  was  much  less  than  in  No.  1,  whilst  the  average  weight 
of  bulb  was  materially  greater.  On  the  other  hand,  the  mineral 
supply  was  in  these  cases  less  than  in  22  ;  but  there  being  in  that 
instance  no  provision  by  manure  of  organic  matter,  the  increased 
mineral  supply  was  unavailing. 

Clay  and  weed-ashes  alone,  as  in  No.  23,  are  seen  to  more 
than  double  the  unaided  produce  of  the  soil  and  season,  to  give 
a  fair  number  of  plants,  and  an  average  weight  of  bulb  nearly 
three-fourths  as  great  as  in  any  case  in  the  series.  This  is  a 
curious  result,  and  indicates  that  certain  mechanical  as  well  as 
chemical  conditions  of  soil,  in  immediate  proximity  to  the  young 
plant,  are  essential  to  a  favourable  and  healthy  development  of  its 
organs  of  collection.  We  learn,  too,  that  in  some  important 
respects  the  resource  of  food  within  the  soil  itself  could  not  have 
been  so  low  in  this  first  year  as  it  appears  afterwards  to  have  been. 

There  are  other  points  indicated  by  the  results  already  given, 
than  those  to  which  we  have  directed  attention ;  but  as  a  con- 
sideration of  the  experiments  of  the  succeeding  years  will  bring 
them  before  our  readers,  we  need  not  enter  upon  them  in  this  place. 

Having  examined  in  detail  the  results  of  the  first  year's  experi- 
ments, it  may  be  well  to  reiterate  some  of  the  more  general  and 
important  facts  and  conclusions  which  have  been  elicited.  It  is 
clearly  shown  that,  under  the  influence  of  the  same  season,  and 
in  a  soil  which,  by  corn-cropping,  had  been  brought  to  that  con- 
dition of  exhaustion  which  common  usage  would  remedy  by  the 
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growth  of  turnips  or  other  green  crops  by  means  of  manure,  the 
attempt  to  grow  such  restorative  crop  without  supplied  aid, — that 
is,  manure, — is  quite  unavailing.  We  see  that  agency  as  well  as 
supply  is  an  essential  element  to  be  considered  in  the  choice  of 
manures,  and  that  unless  such  agency  or  condition  of  healthy 
function  be  secured,  a  liberal  provision  of  the  materials  of  whicn 
the  plant  is  built  up  may  frequently,  to  a  great  extent,  be  useless 
to  it.  The  matters  which  are  most  favourable  to  the  healthy 
action  and  rapid  accumulation  and  assimilation  by  the  turnip, 
are  the  so  called  "  mineral  manures"  under  the  influence  of 
which  a  great  regularity  of  plant  and  vigorous  power  of  growth 
are  attained.  At  any  rate,  in  the  soil  in  question,  when  in  a 
condition  of  agricultural  exhaustion,  the  supply  of  potass  by  direct 
manures  seems  unessential.  But  the  direct  supply  of  phosphoric 
acid,  whether  by  its  reaction  upon  the  soil  or  a  special  effect  upon 
the  young  plant,  or  from  a  combination  of  these  influences,  seems 
to  enhance  the  assimilating  actions  of  the  turnip  to  a  degree  much 
beyond  what  could  be  attributed  to  it  as  a  mere  constituent,  rather 
than  in  some  sort  an  agent  also.  We  shall  recur  further  on  to 
this  interesting  subject 

Of  the  substances  which  we  may  term  pure  constituents,  "  or- 
ganic matters"  and  especially  such  as  abound  in  carbon,  must  be 
supplied  for  the  production  of  agricultural  crops  of  turnip-bulbs. 
These  manures,  as  well  as  those  which  are  chiefly  nitrogenous, 
should  never  be  concentrated  near  to  the  plant  in  its  earliest  stages 
of  growth,  but  only  within  its  reach,  when,  under  the  immediate 
influence  of  mineral  manures,  the  young  plant  has  so  far  developed 
its  organs  of  accumulation,  and  its  healthy  vigour,  as  to  be  com- 
petent to  grow  faster  than  the  natural  atmospheric  and  soil  re- 
sources of  nitrogen  and  carbon  enable  it  to  do.  These  are,  we 
conceive,  the  most  prominent  indications  afforded  by  the  results 
of  this  our  first  season  of  experimenting  upon  the  cultivation  of 
the  turnip.  As  we  proceed  in  our  inquiry  we  shall  see  how  far 
they  are  confirmed  by  those  which  succeeded  them,  and  which  we 
shall  now  endeavour  to  detail. 

The  whole  produce,  leaf  and  bulb,  of  1843,  was  carted  off  the 
land.  In  the  second  year  the  manures  had  some  reference  to  the 
condition  of  soil  as  effected  by  the  first  year's  treatment,  and  the 
same  division  of  the  land,  and  numbering  of  the  plots,  were 
adopted.  The  manures  were  again  drilled  with  the  seed,  and  the 
mechanical  culture  of  the  land  before  and  after  sowing,  the  estima- 
tion of  the  crop,  and  its  entire  removal,  were  conducted  as  before. 

The  entire  series  of  results  of  this  second  season  (1844)  are  given 
in  the  following  Table  at  one  view,  but  we  shall  make  selections 
as  before,  for  the  convenience  of  detailed  examination. 
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Table  showing  the  results  of  Experiments  on  the  Growth  of  Turnips  by 
Manures  at  Rotsamsted  Farm,  Herts. 

Second  Season,  1844. 


DBSCEIFTIUV  OP  MAKVKX8. 


g  Quantities  expressed  in  weight  per  acre, 
a  Each  lot  made  up  at  the  rata  of  14 
* !    bushels  per  acre*  with  clay  and  weed- 


12  tana  farm-yard  dung   

7  cwt*.  rape-cake  

4  cwts.  superphosphate  of  lime,  i  cwt ) 

pboapbate  of  ammonia   ) 

4  cwta.  superphosphate  of  lime,  |  cwt.  i 

snlphai*  of  ammonia    ) 

3  cwta.  superphosphate  of  lime,  15  lbs. 

phosphate  oi   

3  cwta.  ground  apatite   

3  cwta.  of  apatite  decomposed  by  mil- ) 
phnrtc  add,  containing  200  lb*,  apatite  J 

As  No.  8,  with  56  lbs.  Hydrochloric  add 
added  (pp.  gr.  1125)  

4  cwta.  superphosphate  of  lime,  4  cwta. 


of  Hme,  4  cwta. 
phosphate  of  am- 


5 

i 

V 

9 
10 
11 

12 
13 
14 
15 
K 
17 
13 

19 

i 

»i 

21  j  374  lbs.  apatite  decomposed  by  sulphuric  ) 
add,  containing  104  lbs.  sulphuric  acid,  > 

270  lbs,  apatite   J 

2  !  5  cwta.  superphosphate  of  lime  

23  ,  2  cwta,  superphosphate  of  lime,  56  lbs. 

t  ammonia,  1$  cwta.  nitrate 


5  cwta.  aoperpboaphate  of  lime,  land  dug  1 

6  inches  deep    1 

4 cwts.  superphosphate  of  lime,  4  cwta.; 

rape  cake,  2  cwts.  common  salt  . .  J 
5  cwta.  superphosphate  of  lime,  land! 

trenched  with  the  spade  18  in.  deep  j 
1  cwt*  supei  phosphate  of  ttme,  4  cwts.  \ 

phosphate  of  soda    j 

1  cwt.  superphosphate  of  lime,  4  cwts.  > 

phosphate  of  magnesia   j 

1  cwt.  superphosphate  of  hme/  4  cwts.  \ 
phosphate*  of  potass   j" 

2  cwta.  superphosphate  of  lime,  1  cwt  i 
each  of  phosphate  of  potass,  soda,  and  > 

SameasNo.  16,  with  15  'lb*  phosphate  of  j. 

2  cwta.  superphosphate  of  lime,  4  cwta.  I 
lape-oake,  66  lbs.  sulphate  of  ammonia  J 


Average 
weight 

of  Bulbs 
in  lbs. 
and 
tenths. 

Number 

of 
plants 
per  acre. 

.  Bulb 
per  acre, 

pared 
with 
No.  2  as 
1000. 

Bulb 
per  Acre 
in  tons,  cwts., 
qrs.,  and  lbs. 

Bulb 
per  Acre, 
if  4  plant* 

ma 

square  yard  = 
19.360  in  an 
acre. 

Tow 

cwta. 

qn. 

Tom 

cwta 

qn.  Its. 

1*  19 

20,096 

4875 

10 

15 

1 

0 

10 

15 

2  22 

0-36 

13,736 

1000 

2 

4 

1 

0 

3 

2 

0  25 

0*27 

5,488 

294 

0 

13 

0 

0 

2 

6 

2  9 

0-92 

16,768 

3138 

g 

•> 

0 

7 

19 

0  3 

0-87 

14,256 

2498 

5 

10 

1 

0 

7 

10 

1  15 

0  65 

2' ,632 

2867 

6 

6 

2 

0 

5 

12 

1  12 

0-38 

17.864. 

1382 

3 

1 

0 

0 

3 

5 

2  20 

0-71 

21,232 

3076 

$ 

15 

3 

o 

2 

2  25 

0*80 

20,392 

3320 

7 

6 

2 

0 

6 

18 

1  4 

1-18 

13,256 

3173 

7 

0 

0 

0 

10 

3 

3  24 

1*29 

10,320 

2697 

5 

19 

0 

0 

11 

2 

3  26 

•'97 

20,152 

8 

1ft 

I 

0 

8 

7 

S  19 

0*30 

7,952 

482 

1 

1 

1 

0 

S 

11 

3  12 

0*99 

13,360 

2683 

5 

18 

1 

0 

8 

11 

0  14 

0*76 

19,504 

3013 

6 

13 

0 

0 

6 

11 

1  13 

0*70 

9i  "ant 

8024 

6 

13 

2 

0 

6 

1 

0  0 

0G6 

20,552 

2775 

6 

2 

2 

0 

5 

14 

0  9 

0*66 

18,624 

2572 

5 

13 

2 

0 

5 

17 

2  4 

0-73 

20.352 

3107 

6 

13 

1 

0 

6 

6 

•  20 

0*78 

6,832 

1084 

2 

7 

3 

0 

6 

14 

3  8 

085 

18.728 

3247 

7 

3 

I 

0 

7 

6 

3  20 

0-81 

21,205 

3503 

7 

14 

3 

0 

7 

0 

0  1 

0*83 

10,072 

1700 

3 

15 

0 

0 

7 

1 

2  20 

On  reference  to  the  summary  as  already  given  of  the  climatic 
conditions  of  the  turnip  seasons  of  1843  and  1844,  it  will  be  seen, 
that  in  the  latter  half  of  the  month  of  July,  the  low  degree  of 
temperature,  the  number  of  rainy  days,  and  the  actual  amount  of 
rain,  are  all  most  favourable  to  the  early  stages  of  the  plant  in 
1843.  Throughout  the  months  of  August,  September,  and  Octo- 
ber, on  the  other  hand,  the  conditions  of  turnip  growth,  so  far  as 
season  is  concerned,  are  more  favourable  in  1844  than  in  1843. 

c  2 
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A  glance  at  the  mean  results  of  the  two  years  will,  however, 
clearly  show  that  if  the  climatic  influences  of  the  second  year  were 
in  the  main  superior  to  those  of  the  first,  some  other  circumstances 
must  be  looked  for,  as  accounting  for  the  great  falling  off  in  the 
development  of  the  plant 


Selected  and  Mean  Results. 


Description  of  Manures. 

Average  Weight 
of  Bulbs. 

Number  of  Plants 
per  Acre* 

1S43. 

1344. 

1343. 

1344. 

0*52 

0-36 

17,940 

13,736 

1-39 

0-73 

19,323 

20,377 

1-08 

0-27 

17,043 

5,488 

Mean  of  mixed  mineral  and  organic  supply  .. 

1-50 

0-97 

17,230 

14,774 

It  is  here  seen,  that  with  a  more  favourable  season,  excepting 
during  the  first  few  weeks,  in  1844  than  in  1843,  we  have  never- 
theless an  inferiority  of  development  under  every  variety  of 
manuring,  and  a  very  marked  depreciation  in  the  number  of 
plants,  unless  where  mineral  manures  alone  were  used.  The 
destructive  effects  of  organic  manures,  especially  in  the  absence  of 
rain  during  the  early  stages  of  growth,  are  here  very  evident ;  and 
the  maintenance  of  healthy  action,  even  under  these  same  climatic 
circumstances,  when  purely  mineral  manures  are  employed,  is 
clearly  shown.  We  observe,  too,  that  whilst  under  the  influence 
of  this  defect  of  rain  during  the  first  period  of  the  season,  both 
the  weight  of  bulbs  and  number  of  plants  are  much  less  where 
rape-cake  is  used  alone  than  even  where  no  manure  at  all  is  pro- 
vided, yet  the  admixture  of  mineral  manures  with  the  organic, 
gives  the  best  result  in  the  series  so  far  as  development  is  con- 
cerned. 

That  the  cause  of  the  depreciation  in  average  weight  of  bulbs 
during  this  season  was,  nevertheless,  connected  with  a  deficiency 
of  matter  for  organic  formations,  and  not  of  mineral  supply,  the 
following  extracted  results  will  show  : — j 
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Selected  Results. 


Plot 
Noa. 


Description  of  Manure*. 


Average 
Weight  of 

Bulb  In  Iba. 

and  tenths. 


15 
16 
17 
18 

19 
22 
5 
10 
11 


1  cwt.  superphosphate  lime,  4  cwts.  phosphate  soda,  manure 
1  , ,  4  ,,    phosphate  magnesia,  manure 

1  , ,  , ,  4  , ,    phosphate  potass,  manure 

2  1        each  phosphate  potass,  soda,  \ 
and  magnesia,  manure  / 

As  18,  with  15  lbs.  phosphate  ammonia   

5  cwts.  superphosphate  lime  

4  , ,  , ,  J  cwt  sulphate  ammonia 

4  ,,  4  „  rape-cake     ..  .. 

4  „  „  4  15  lbs.  phos. 


0«76 
0*70 
0-66 

0*68 

<W3 

0-  81 
0*87 
1*18 

1-  29 


Thus,  of  the  purely  mineral  manures,  the  superphosphate  of  lime 
(No.  22),  as  in  the  first  year,  gives  a  higher  weight  of  bulb  than 
any  of  those  where  alkalies  are  also  supplied.  The  substitution 
of  1  cwt  of  superphosphate  of  lime,  by  half  a  cwt  of  sulphate  of 
ammonia  (see  Nos.  22  and  5),  raises  the  weight  of  bulb  from 
0-81  to  0-87  ;  by  4  cwts.  of  rape-cake  (No.  10)  to  1-18;  and  by 
4  cwts.  of  rape-cake,  with  15  lbs.  of  phosphate  of  ammonia,  to  1*29, 
the  highest  weight  obtained  during  this  season — that  by  dung  not 
excepted. 

The  farm-yard  dung,  as  in  the  previous  year,  must  be  supposed 
to  have  afforded  the  most  liberal  supply  of  all  the  matters 
necessary  for  conversion  into  the  substance  of  the  plant ;  yet  we 
find  that  4  cwts.  of  superphosphate  of  lime,  with  4  cwts.  of  rape- 
cake,  and  15  lbs.  of  phosphate  of  ammonia  (No.  11),  give  a 
higher  average  weight  of  bulb  than  the  farm-yard  dung ;  that  by 
the  former  being  1"29,  and  by  the  latter  1'19.  We  have,  how- 
ever, 20,096  plants  per  acre  by  farm-yard  dung,  and  only  10,320 
by  the  artificial  organic  compost  This  deficiency  of  plants  is, 
however,  easily  accounted  for,  by  the  fact  that  the  dung  was 
ridged  in,  and  the  artificial  compost  drilled  with  the  seed;  so  that 
the  defect  of  rain  during  the  early  stages  of  the  plant,  whilst  it 
might  only  retard  growth  in  the  one  case,  would  lead  to  positive 
destruction  in  the  other. 

The  very  great  destruction  of  plants,  as  well  as  the  small 
weight  of  bulb,  in  the  case  of  No.  o,  where  rape-cake  alone  was 
drilled  with  the  seed,  further  show  die  impropriety  of  applying 
organic  manures  near  to  the  seed  or  young  plant,  and  the  ineffi- 
ciency of  mere  supply  of  constituents  if  the  healthy  development 
of  the  collective  apparatus  of  the  plant  be  not  secured.  The 
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5 Sects  of  ammoniacal  salts,  as  they  have  been  before  described, 
epending  upon  a  proper  combination  with  other  constituents, 
are  further  exhibited  in  the  results  of  this  second  year.  The 
variations  in  the  number  of  plants  and  weight  of  bulbs,  in 
Nos.  4,  5,  and  6,  and  also  in  the  results  of  these  numbers  as 
compared  with  those  of  Nos.  11  and  20  here  given,  may  be 
adduced  in  illustration  of  this  fact 


Selected  Results. 


Plot 
Nob. 

Description  of  Manures. 

Average 

Weight 
of  Bolt* 
In  lbs. 

Number 
of  Plants 
per  Acre. 

4 

5 
6 
11 

90 

4  cwts.  superphosphate  lime,  i  cwt  phosphate  ammonia 
4  , ,               , ,             }  cwt.  sulphate       , , 

3  , ,               , ,              15  lbs.  phosphate     , , 

4  cwts.  superphosphate  lime,  15  lbs.  phosphate  ammonia,^ 

2  cwts.  superphosphate  lime,  }  cwt.  sulphate  ammonia,) 

0«92 
0  87 
0*65 

1-29 
0-78 

16,768 
14,256 
21,632 

10,320 
6,832 

Thus  there  is  a  slight  superiority  in  No.  4  over  No.  5,  both  in 
development  and  number  of  plants ;  phosphate  of  ammonia  being 
used  in  the  former,  and  sulphate  in  the  latter.  In  No.  6,  as 
compared  with  the  two  preceding,  the  amount  of  phosphoric 
acid  is  diminished,  but  in  a  greater  degree  that  of  ammonia, 
to  which  body  may  be  attributed  an  injurious  effect  upon  the 
health  of  the  plant  when  in  excess,  or  not  sufficiently  incorporated 
with  the  soil,  and  a  beneficial  one  after  not  only  necessary  diflu- 
sion  has  taken  place,  but  the  plants  themselves  have  attained 
some  strength  and  vigour.  As  might  be  expected,  then,  the 
number  of  plants  is  greater,  though  the  average  weight  of  bulbs 
is  less  in  No.  6  than  in  4  and  5. 

Comparing  with  each  other  Nos.  6  and  11,  in  which  the 
amount  of  ammoniacal  salts  supplied  by  manure  was  identical, 
we  find  that  an  increase  of  superphosphate  of  lime  by  1  cwf., 
and  the  addition  of  4  cwts.  of  rape-cake  (No.  11),  whilst  they 
reduced  the  number  of  plants  from  14,256  to  10,320  (an  effect 
certainly  not  due  to  the  superphosphate  of  lime),  at  the  same 
time  raised  the  average  weight  of  bulb  from  0*65  to  1*29 ; 
showing  the  benefit  of  the  supply  of  organic  matter  in  those  cases 
where  it  had  not  proved  injurious  or  destructive  to  the  plants, 
and  the  other  conditions  were  such  as  to  favour  their  healthy 
growth.  Again,  in  No.  20,  as  compared  with  No.  11,  the 
amount  of  supply  by  rape-cake  is  equal ;  that  of  ammonia- 
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alt  much  greater;  but  that  of  the  important  constituent  and 
agent,  superphosphate  of  lime,  is  diminished.  The  result  is  a 
very  great  depreciation,  not  only  in  number  of  plants,  but  in  the 
average  weight  of  bulbs. 

We  have  now  given  and  examined  the  results  of  the  first  two 
seasons  of  our  experiments  upon  the  joint  effects  of  climate  and 
manures  on  the  growth  of  the  turnip  bulb ;  and  comparing  the 
general  character  of  the  one  season  and  its  results  with  that  of  the 
other,  we  see,  that  although  the  climatic  or  vehicular  and  accu 
mutative  agencies  were,  during  the  largest  portion  of  the  time  of 
growth,  more  favourable  in  1844  than  in  1843,  yet  the  produce 
was,  in  the  main,  much  inferior  under  the  superior  circumstances 
of  climate.  This  can  only  be  attributed  to  deficiency  in  some 
essential  agency  or  supply,  apart  from  those  of  season  alone ;  and 
since  those  instances  in  this  season,  in  which  mineral  supply 
is  most  liberal,  show  by  the  number  of  plants  a  degree  of  healthy 
condition,  and  yet  an  inferior  rate  of  growth,  we  conclude  that 
the  soil  was  exhausted  of  matter  for  organic  formations.  That 
the  defect  is  carbonaceous  rather  than  nitrogenous,  is  learnt  from 
a  careful  comparison  of  the  effects  of  rape-cake  and  of  ammoniacal 
salts. 

Again,  the  conclusions  elicited  by  a  close  examination  of  this 
second  year's  experiments,  are  seen  to  be  identical  in  kind  with 
those  to  which  we  were  led  by  the  first  year's  results ;  and  in 
their  degree  afford  even  clearer  testimony — rather  than  mere  con- 
firmation— on  most  of  the  points  which  had  been  previously  dis- 
cussed. It  is  the  less  important,  however,  to  give  a  recapitulation 
in  this  place,  as  we  have  yet  the  entire  results  of  the  third 
season  (1845)  to  detail ;  and,  having  accomplished  that  part  of 
our  task,  we  shall  be  prepared  to  give  a  re'sume'  of  the  three  years' 
series. 

The  destructive  effects  of  some  substances,  when  applied  near 
to  the  seed,  led  us  to  sow  the  manures  and  the  seed  separately  in 
the  third  year  of  our  experiments.  The  same  division  into  plots 
was  observed  as  previously ;  but  besides  the  drilled  manures, 
which,  though  for  the  most  part  mineral,  were  sown  before  the 
teed,  and  at  a  somewhat  greater  depth,  the  entire  series  of  plots 
was  crossed  by  bands  72  yards  in  width;  these  were  sown 
respectively  with  rape-cake,  ammoniacal  salt,  and  rape-cake  and 
ammoniacal  salt  together,  a  sufficient  portion  being  left  having 
drilled  manures  only.  These  cross-dressings  were  sown  broad- 
cast, before  the  ridges  first  drawn  out  had  been  split  and  turned 
over,  so  that  there  could  be  little  danger  of  injury  to  seed  and 
young  plants.  By  this  arrangement  of  manuring,  for  each  of  the 
more  than  20  conditions  of  "  ash-constituent "  supply,  4  of  varying 
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resource  of  matter  for  organic  formations  were  secured ;  so  that 
the  number  of  experiments  was  raised  to  nearly  90. 

It  is  to  be  regretted  that,  in  the  first  two  seasons  of  our  experi- 
ments, the  acreage  produce  of  leaf,  and  the  relation  of  leaf  to 
bulb,  were  not  taken ;  as  climate  and  manuring  have  a  marked 
influence  on  the  character  of  the  turnip-crop  in  this  respect, 
besides  that  which  is  known  to  depend  upon  the  mechanical 
qualities  of  soil.  A  consideration  of  the  relative  and  actual 
amount  of  leaf  is,  moreover,  found  to  be  of  material  importance 
in  estimating  the  feeding  value,  degree  of  maturity,  and  probable 
resources  of  further  growth  of  the  plant  All  the  statement 
which  we  are  able  to  give  on  this  subject  in  reference  to  these 
two  years  is,  that  both  the  acreage  weight  of  leaf,  and  the  propor- 
tion of  leaf  to  bulb,  were  much  greater  in  1843  than  in  1844 ; 
there  being  in  the  former  case  a  much  more  liberal  provision 
of  organic  matter  remaining  in  the  soil,  though,  at  the  same 
time,  a  less  amount  of  rain  and  a  higher  temperature.  The 
leaves  were  weighed  in  the  third  year,  and  so  far  as  the  effects 
of  different  conditions  of  manuring,  under  the  influence  of  one 
and  the  same  season,  are  concerned,  the  results  obtained  are  of 
some  interest. 

The  results  of  the  third  year  (1845)  are  given  in  five  sections 
or  divisions  (j>p.  26-30),  and,  for  the  convenience  of  reference 
and  examination,  the  statement  of  the  manures  is  attached  to  each 
of  these  divisions.  The  different  degrees  of  maturity  exhibited 
under  the  influence  of  the  varying  supply  for  organic  formations, 
provided  by  the  cross-dressings,  led  us  to  weigh  some  of  the 
crops  at  twice,  that  their  progressive  changes  might  be  ascer- 
tained. The  order  of  maturity  which  was  observed  was  as 
follows : — 

1st  The  lengths  under  drilled  manures  only  (chiefly  mineral). 

2nd.  Those  having  rape-cake  added. 

3rd.  Those  having  ammoniacal  salt  added. 

4th.  Those  with  both  rape-cake  and  ammoniacal  salt  in  addi- 
tion to  the  mineral  manures. 

The  first  weighing  was  taken  in  December,  when  the  leaves 
under  mineral  supply  had  considerably  drooped  and  changed 
colour;  the  rest  exhibiting  degrees  of  retained  vitality  in  the 
inverse  order  indicated  above.  The  second  weighing  was  taken 
early  in  January,  and  three  weeks  later  than  the  first,  as  will 
be  seen  on  inspection  of  the  tables. 
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1  wftb 


I  with 


Salt. 


90Wd  wf  "* 

Salt. 


110  yards, 
minerals  only. 


The  plan  of  the  field  given  above  will  further  show  the  method  of  manuring 
adopted  in  1845.  In  the  two  previous  yean  each  experiment  extended  from  one 
end  of  the  field  to  the  other ;  in  1845,  hands  each  of  72  yards  down  the  field,  were 
sown,  by  hand,  across  the  rows,  respectively,  with  rape-cake  equal  to  10  cwts. 
per  acre ;  10  cwts.  rape-cake  and  3  cwts.  sulphate  of  ammonia ;  and  8  cwts.  of 
sulphate  of  ammonia:  the  manures  given  as  drilled  manures  being  then  drilled 
down  the  entire  length  of  the  field.  Thus,  from  3  to  24  inclusive,  each  plot  of 
land  forming  one  experiment  in  1843  and  1844  was,  in  1845,  divided  into  4.  The 
figures  represent  the  same  spaces  of  land  each  year.  For  example,  No.  2  was 
unman ored  in  1843  and  1844 ;  in  1845  one  part  was  unmanured,  one  was  crossed 
with  rape-cake,  one  with  rape-cake  and  ammoniacal  salt,  and  one  with  ammoniacal 
The  plai 


alt. 


t  plan  adopted  in  1845  has  been  continued  in  1846  and  1847. 


26 


Agricultural  Chemistry — Turnipt. 


1 

U 

m 

im 

1 


i  a»  -  2je»-  a  sss  -  *a  -  a  g 

t      MM    M    »««M  «  -    -M    «    «  - 

l  !«-  S  «>22S  StfSSIS^S 
|    ---  —-2     =22  2  2=  2  3  2 


5-  ftp  O  »CM  -  o  e  ot 
|[    * sij  *  ore««  -i  b|4 


i  «~  si  o  n 

1  d}et}  h  «;  ^  tsa-ci 


O  M  >  ^  Pft  9:e4*i« 

— ■  rtl  —  — P  ^Hm^^f^i  i   — •  — " 


- . 

Ill 

III 

« 

_J_ 


S3  3 


J    ink)  «  dd«o  n  o»«r«|  «  ^  =2  w  «  g  SEE  —  ~ 


^S3S  °  2«*  i      a  *■  a  £  u  stews* 


5 


=-  re  a  n  o  — >m ^- o  ^ 


|  ^at      icw^m  m  o««tai  a*  net  ft  *■  «  #«  — 


£     OM  »  M-O*  « 

r-»       ^^^^  35  3 


o«  g  O  j  -  =  r 


<*  «     *     PI      P>  ~H*<**> 

 '  — »        —   '  --^^F-l 


I  I  8 


5  »*3  S  23SS  g  —  *  =2  •  2  -  • 

£n«o  -  -o»o  -  mom  o  ora  o  o  o.  om«-  ,  o 

f  =22  2  222-*  *  2=»  S'S-ISS  "•—2  -  S 

-  «««2  *  322  2  2=  2  2  2  3222  2 


I 

HI 

■me 


ft 


ft 

III 


Ms  i 
Ha  * 

fiSfe 


rill 


1*W 


us  stattu 


Agricultural  Chemistry — Turnips. 


27 


ss 

>eo 

1 


if 


,©eo  M  ©  —  cj  m  cq  o-*cq  e  M  o  n  m  oncqn 
f  -22  ZS  22 40  cococt  ca     oi  oo  to  to  ^ » 


«o  t^to^iO  *o  hich-  qo  r^tc  to  to  io  to  to  to 


1-2 


©to  o  ott»M  cm  ^»an  g  moo  ^  oo  oo  2g£g02g 

0*h   O  OOOn   CO  MOM   ~*   COM  M   «  M  MMOM 

toe©  m  *»^*a*r  *r  «)«hco  a  «ooo  n  n  <d  ~i  woo  oo 


*roo  ao  oor«ioi»       t^»>ao  ao  aoao  t>>  r»  <o  aooktoto 


T3 

3 
i 


Ill 

m 

H 

eo 

1 


JB  oeo  o  4*nxoi  ao  o o o  m       m  coteetM 

CT  .OM  O  ~tOMCO  09   ~i  ^  CO   O   M  CO  CO  M   CO  04  O  (0  CO 

g  •2'°  23  o^oom       eo co o»  ♦  r«M  x  n  o  ooi^oo 

I  0^iOWMiOiOM»>r)iAl»tO»0>OiOViO«iOiO 


2  £22"**  £  NONif  M  O  => 

C"CO<N-«  O  CO  OC0 CO  CO  M-4  M  CO  H  OO^MO 

^  ao<o<»  ^»  (OWN  00  «  30©  to  ©  eotojg©;* 

1  ©©*•  tO  tOkftCOtO  «0  *»<OtO   90  t»CO  10  tO  CO  r*t««bH 


^         2  2         °  S2  2  2  ♦  S300 

O*   .M^  O  M^Ofh  o  hNM   O  MO   ©  CO   ~*  >HMOO  . 


.tea*  to  ookh-ao  to  «>oto  so  om  •©  ©  m  *>oco© 
T 30  «  to<*'*»o  »o  ioioio  w  to*»  ♦  ^  «o  (oto to «o 


H 


PMM01  M  M*0  o  «  o  a 


eVco  —  o  -.  ^ co at co  co  «-»o  o  om  -*  o  m  moo« 
I  *~*<o  Ok  oo oen m  to  to^je*  £  ^  2  J;  o  »•  oo^ «ooi 

I  NO«        ^  CO  CM  CO  *r   CO  "T  ^  to       CO  CQ  CO  CO   ^  «o 


1 


MMn«    kotei^aook    o^mco  £2    SSoJeSf  83 


f 

28  Agricultural  Chemistry — Turnips. 


Agricultural  Chemistry — Turnips. 


all 

{hi 

if! 

•!??S0SSi3Hi  S I  i  2  S  S38S  •  • 

m-    m       m       rt    w    w    m       a       *    a.    m       m,         m-        m       *-       ■-       m        &    _    _.  - 

•aa  a  saaa  2  aaa  a  a  a  a  a  a  asaa  •  • 

a 

a 

1 

il 
Z  = 

s 

ii  i  ztim  a      s"  s  sf  a  ss  s  Rttfi  ■  ■ 

i 
a' 

* 

M 

•J 
lit 

II I ESES  5  Ig  1  I  8  S  8  i  8888 ' 
•sa  a  ass*  2  aaa  a  a  a  a  a  a  aaaa  •  ■ 

2  , 
a 

2f  ! 

ill  8  UH  8  m  S  i  8  §  3  ?  £8388  - 

_      n.      *          «,           -      _      -      H          V,           -      K      *           H               *          a           K           »           *           m      r.      M,      m,  m 

82S  a  232a  2  aaa  a  a  a  a  a  a  aaaaa  ■ 

1 
a' 

I! 

•33  3  8888  S  8if  2  8  3  S  8  3       ■  • 

8 

?! 

lit 

888  I  8338  e  i?s§  i  1  8  §  §  2  |§§| .  s 
a~a  s  sfcss  a  aaa  a  a  a  1  a  a  aaxa  •  a 

« 

2=22  2  22  E2  283838 


30 


Agricultural  Chemistry — Turrript. 


Agricultural  Chemistry — Turnips. 


31 


With  such  a  mass  of  experimental  evidence  before  us,  it  is 
difficult  to  select  a  starting-point  such  as  will  lead  us  to  the  most 
natural  order  of  illustration,  and  the  clearest  comprehension 
of  the  most  prominent  indications  and  conclusions.  In  many 
respects  these  results  are  most  interesting,  confirming  as  they  do 
the  opinions  suggested  by  those  which  have  preceded  them  ;  and 
affording  at  the  same  time  data,  the  consideration  of  which 
enables  us  to  determine  other  important  questions  than  those 
already  attended  to. 

It  will  be  recollected  that  the  statement  given  of  the  character 
of  this  third  season,  compared  with  that  of  the  second,  was,  so  far 
as  all  the  conditions  shown  to  be  essential  to  the  vigorous  growth 
of  the  turnip  were  concerned,  very  much  in  favour  of  the  one 
about  to  occupy  our  attention ;  and  it  is  seen  that  the  acreage 
produce  is  pretty  uniformly  nearly  doubled  where  artificial  supply 
for  organic  formations  is  much  the  same.  It  is  true  that  the 
number  of  plants  per  acre  being  much  greater  than  heretofore, 
some  of  the  actual  acreage  increase  may  be  attributed  to  this 
cause ;  but  all  we  wish  to  maintain  is  the  general  effect  of  season 
upon  the  growth  of  the  cultivated  turnip. 

The  absolute  necessity  of  a  liberal  supply  of  constituents,  even 
with  the  most  favourable  climatic  circumstances,  and  under  the 
influence  of  the  best  observed  conditions  of  self-reliance,  or  col- 
lective power  depending  on  mineral  supply,  is,  however,  clearly 
proved  by  the  results  of  the  farm  -  yard  dung,  the  unmanured 

Clot,  and  the  mean  of  the  purely  mineral  manures.  They  are 
ere  given  in  illustration. 

Selected  Results. 


Description  of  Manures, 

Bulb 
per  Acre,  In 

Average 
Weight  of 
Bulbs  In 
lbs.  and 
tenths. 

Number 

of 
Plants 
per  Acre. 

Tons,  cvrta.  qrs.  lbs. 

0    13    2  24 

0-11 

13,296 

Mean  by  purely  mineral  supply 

12     8    2  3 

116 

23,882 

17     0    3  6 

l»6l 

23,731 

Thus,  in  the  best  suited  of  the  three  seasons  to  which  our  ex- 
periments refer,  the  unmanured  plot  gives  a  produce  of  only  13 
cwts.  per  acre,  an  average  weight  of  bulb  under  2  ounces,  and  a 
number  of  surviving  plants  little  more  than  half  that  observed 
under  conditions  of  artificial  supply.  In  this  same  season,  on  the 
other  hand,  the  farm-yard  dung  gives  the  largest  acreage  produce 
obtained  throughout  the  entire  series  of  seasons  and  experiments, 
a  weight  of  bulb  higher  than  any  other  manure  in  the  same 
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season,  and  a  number  of  plants  nearly  identical  with  that  under 
mineral  manures  only.  Again,  by  mineral  supply  alone,  to  which, 
indeed,  as  we  have  seen,  may  be  attributed  an  influence  upon  the 
growth  of  the  plant  apart  from  that  which  can  be  traceable  to 
the  mere  provision  of  crop-material,  we  have  as  many  tons  of 
produce  as  the  unmanured  plot  gives  cwts.,  a  weight  of  bulb  more 
than  ten  times  as  great,  and  a  number  of  healthy  plants  nearly 
double.  By  the  side  of  the  farm-yard  dung,  however,  which  we 
presume  to  contain  a  sufficiency  of  all  tlie  constituents  of  a  large 
crop  of  turnips,  (though,  excepting  under  the  influence  of  con- 
tinuity of  rain  and  a  relatively  low  temperature,  not  calculated  to 
develop  the  most  healthy  conditions  of  growth,)  we  find  that  the 
purely  mineral  manuring,  with  a  number  of  plants  per  acre 
almost  identical,  shows  a  formation  of  bulb  within  an  equal 
period  of  time  little  more  than  two-thirds  as  great.  We  shall 
presently  see  that  the  largest  weight  of  bulb  formed  in  a  given 
time  is  not  to  be  taken  as  affording  an  unconditional  index  to  the 
value  or  promise  of  the  crop ;  but  in  the  instances  now  cited  it 
may,  in  a  pre-eminent  degree,  be  quoted  as  such ;  for  we  know 
that  whilst  the  plants  under  minerals  only  had,  when  weighed, 
arrived  at  their  full  growth,  those  having  farm-yard  dung  had 
still  vitality  and  resources  for  further  development 

Before  tracing  any  further  the  probable  source  of  the  superiority 
of  farm-yard  over  the  purely  mineral  manure,  we  will  refer  to 
some  other  of  the  points  which  our  arrangement  of  manuring 
elucidates.  In  the  two  former  years  it  was  observed  that, 
wherever  either  ammoniacal  salts  or  rape-cake  were  drilled  with 
the  seed,  a  great  depreciation  and  irregularity  in  the  number  of 
plants  per  acre  resulted ;  and  it  may  have  appeared  to  some  of 
our  readers  that  we  have,  without  sufficient  ground,  referred  the 
deficiency  of  plants  to  the  manner  of  applying  these  organic 
manures  ;  and  that,  omitting  the  indications  of  the  actual  acreage 
results,  our  reasonings  are  fallacious.  The  following  summary  of 
the  number  of  plants  obtained,  when  ammoniacal  salts  and  rape- 
cake  are  sown  broadcast  and  ploughed  in,  and  of  that  resulting 
from  the  use  of  mineral  manures  alone,  will  show  how  highly 
important  it  is  not  only  to  select  a  manure  such  as  the  plant 
requires,  but  so  to  apply  it  as  to  ensure  a  beneficial  rather  than 
an  injurious  result. 

The  uniformity  under  the  various  classes  of  manures  in  this 
season,  as  compared  with  others,  is  very  striking ;  though,  as  before, 
the  mineral  manures  give  somewhat  the  higher  number.  The 
coincidence  throughout  the  entire  series  of  about  90  different  com- 
binations of  manures  (see  Division  4  of  Table,  p.  29)  is  such  that, 
for  the  first  time,  the  acreage  amount  of  produce  may  be  taken  as 
a  somewhat  true  measure  of  the  value  of  the  manures.  The  drilled 
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manures,  as  lias  already  been  stated,  were  this  year  sown  alone 
before  the  seed,  yet  the  detailed  results  given  in  Division  4  of  the 
Table  still  afford  instances  of  the  injurious  effect  arising  from  the 
proximity  to  the  plant  of  certain  manures,  though  in  so  slight  a 
degree  as  to  be  almost  immaterial. 


Summary.* 

Description  of  Manures. 

Number 
of  Hants 
per  Acre. 

23,882 
22,596 
23,598 
22,954 

, ,             , ,       with  both  rape-cake  and  ammoniacal  salt . . 

The  influence  of  climatic  condition,  not  only  as  of  itself  a  source 
of  constituents,  but  as  rendering  available  the  supplies  provided 
by  the  farmer,  is  strikingly  illustrated  by  the  details  next  quoted, 
wherein  it  is  seen  that  notwithstanding  the  comparatively  large 
number  of  plants  in  1845,  which  might  be  supposed  to  prevent 
individual  development,  there  is  a  marked  increase  as  compared 
with  1844. 


Description  of  Manures. 

Number  of  Plants 
per  Acre. 

Average 

of  B 

Weight 
ulbs. 

1844. 

1845. 

1844. 

1840. 

20,096 
20,377 

23,731 
23,882 

1-19 
0-73 

1-61 
1-16 

It  is  here  seen  that,  even  with  so  great  a  number  of  plants,  the 
average  weight  of  bulb  is  very  considerably  higher  in  1845  than 
in  1844.  In  the  case  of  the  dung  the  supply  by  manure  is  not 
supposed  to  be  better  than  in  1844.  In  the  case  of  the  mineral 
manures,  however,  the  quantities  were  larger  than  before ;  but 
the  accumulation  of  organic  constituents  must  have  been  almost 
entirely  from  atmospheric  resources.  A  comparison  of  the 
results  of  the  one  year  with  those  of  the  other,  as  given  above, 
sufficiently  prove  then  the  essential  influence  of  climatic  agency 
for  the  development  of  the  turnip-bulb  in  full  agricultural 
quantity  ;  but  the  great  defect  in  formation  of  bulb  within  a  given 
time,  under  the  influence  of  one  and  the  same  season,  when  a  full 

*  It  will  be  remembered  that  in  former  years  the  plants  were  set  out  with  the 
view  of  retainiug  about  four  to  a  square  yard,  or  19,360  upon  an  acre ;  the  design 
in  this  third  year  was  to  increase  the  number  to  about  five  instead  of  four,  which 
is  equal  to  24,200  to  the  acre,  and  hence  the  actual  numbers  in  the  table  just 
git  en  are  much  higher  than  hitherto. 

D 
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supply  of  mineral  manure  only  is  provided,  as  compared  with 
that  of  organic  matter,  also  again  teaches  how  imperative  it  is 
that  there  be  a  liberal  provision  of  such  matter  in  the  soil,  if  we 
would  produce  the  largest  crop  which  the  characters  of  the 
season  admit  of. 

The  results  already  selected  from  the  table  do  not,  however, 
show  us  whether  this  required  supply  by  manure  of  matter  for 
organic  formations  should  be  more  prominently  nitrogenous,  as  in 
the  case  of  wheat,  or  carbonaceous.  This  point  we  shall  presently 
recur  to ;  but,  before  doing  so,  shall  study  the  effects  of  varying 
the  mineral  supply  by  manure. 

The  average  weight  of  bulb,  as  affected  by  the  amount  of  free 
phosphoric  acid,  or  superphosphate  of  lime,  supplied  to  the  soil 
by  manures,  is  here  given : — 


Average  Weight  of  Bulbs,  in  lbs. 

Plot 
Nos. 

Description  of  Drilled  Manures. 

Drilled 
Manures 
only. 

Drilled 
Manure*, 
andlOcwts. 
Rape-cake 
per  Acre. 

Drilled 
Drilled   1  Manures. 
Manures,  andlOcwts. 
and  3  cwt*.  Rape-cake 
Sulph.Am.  andScwts. 
per  Acre.  Srtlph.  Am. 
|  per  Acre. 

8 
9 

10 
11 
21 

400  lbs.  calcined  bone-dust  .. 
400  lbs.  calcined  bone -dost,  and) 
hydrochloric  acid  =  268  lbs.  sul-> 

400  lbs.  calcined  bone-dust,  and  1341 

400  lbs.  calcined  bone-dust,  and  2681 

400  lbs.  calcined  bone-dust,  and  400) 

0-92 
102 

1  18 
1'23 
1*22 

1-10 
1-16 

133 
1-38 
1-41 

0*96 

0-  99 

1-  25 
1-19 
1-10 

0-  97 
0*87 

1*10 

1-  U 
1*18 

Mean  of  the  results  by  sulphuric  acid 

1-21 

1-37 

W8 

1-13 

It  is  seen  that,  under  all  the  varying  conditions  of  organic 
supply,  the  undecomposed  bone-dust  produced  less  effect  than 
the  decomposed.  Hydrochloric  acid  has  caused  a  slight  increase 
in  bulb  where  there  was  no  organic  manure,  and  where  rape-cake 
or  ammoniacal  salt  only  was  added  ;  but  where  ammoniacal  salt 
and  rape-cake  were  employed  together,  the  formation  of  bulb  was 
less  than  by  undecomposed  bone-dust  But  a  reference  to  Divi- 
sion 2  of  the  Table  of  collected  results  will  show,  however,  a 
much  larger  quantity  of  leaf  under  the  action  of  hydrochloric  acid, 
— and,  in  fact,  there  was  more  general  growth  than  by  undecom- 
posed bone-dust,  though  but  little  tendency  to  form  bulb ;  yet 
there  is  little  doubt  that  eventually,  if  allowed  to  mature,  the 
decomposed  bone-earth  would  have  given  much  the  largest 
amount  of  bulb  as  well  as  entire  plant. 
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Sulphuric  acid,  as  the  decomposing  agent,  indicates  in  every  case 
a  considerably  more  rapid  determination  to  bulb  than  either  the 
undecom posed  bone-earth  or  that  acted  upon  by  the  hydrochloric 
acid ;  and,  excepting  where  ammoniacal  salt  is  superadded,  there 
is  a  perceptible  progression  as  the  amount  of  acid  is  increased. 
Where  the  ammoniacal  salt  was  used,  though  the  formation  of 
bulb  is  not  greater  under  an  increase  of  acid,  there  was  here,  as  in 
the  case  of  the  hydrochloric  acid,  a  larger  development  of  leaf. 

The  effect  of  an  equal  amount  of  superphosphate  of  lime  on 
land  ploughed  in  the  ordinary  way,  or  which  had  been  dug  9  or 
18  inches  deep  in  the  previous  year,  is  here  shown : — 


Average  weight  of  Bulbs,  in  lbs. 

Pk* 
X* 

Land,  how  TUted. 

Drilled 
Manures 
only. 

Drilled 
Manures, 
and  10  cwta. 
Rapocake 
per  Acre. 

Drilled 
Manures, 

and  3  cwta. 

Sulph.  Am. 
per  Acre. 

Drilled 
Manures, 

and  3  cwta. 

Sulph.  Am. 

and  10  cwta. 
Rape-cake 
per  Acre. 

12 
U 
22 

Land  dug  9  inches  in  1844  (in 
cwta.  superphosphate  of  lime)  / 

Land  dug  18  inches  in  1844  (in 
cwts.  superphosphate  of  lime)  / 

Land  only  ploughed  (11  cwts.1 
superphosphate  of  lime)      . .  J 

1-20 
1-30 
1-17 

1-39 
1-33 
1-33 

1-19 

1-30 
106 

P07 
1-19 
1-17 

Excepting  in  column  2,  the  rapidity  of  bulb-formation  is 
slightly  the  greatest  where  the  land  is  deeply  trenched,  and  in 
the  exceptional  case  a  larger  development  of  leaf  was  found.  The 
land  dug  9  inches  deep  also  shows  a  slight  superiority  over  that 
which  was  only  ploughed.  The  differences  are  not  quoted  as 
offering  any  adequate  advantage  for  so  expensive  a  process  as 
spade-digging  ;  but  the  facts  themselves  help  to  indicate  the 
character  of  the  conditions  required  in  turnip  culture. 

We  shall  next  show  the  result  of  the  yearly  supply  of  alkalies, 
compared  with  that  from  a  plot  (No.  21)  which  had  been 
drained  of  them  by  a  course  of  ordinary  cropping,  succeeded  by 
the  removal  of  two  crops  of  turnips : — 

In  the  first  two  columns,  where,  as  we  shall  presently  show,  the 
balance  of  organic  constituents  was  more  favourable  to  bu /ft-forma- 
tion  than  in  the  other  cases,  we  find  a  greater  development  of 
bulb  in  an  equal  period  of  time  by  superphosphate  of  lime  alone, 
than  when  the  alkalies,  either  separately  or  united,  were  supplied 
with  it  It  is  remarkable,  too,  that  in  No.  17,  where  potass  was 
employed,  tUere  is  a  general  inferiority  observable.  Again,  of 
the  several  alkaline  conditions,  that  where  potass,  soda,  and  mag- 
nesia are  used  together  is  the  best    The  differences  exhibited 
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Plot 
N<«. 

Description  of  Alkaline  Manures  (drilled). 

Average  Weight  of  Bulbs,  In  lb*. 

Drilled 
Manures 
only. 

Drilled 
Manures, 
and  10  cwts. 
Rape-cake 
per  Acre. 

Drilled 
Manures, 

and  3  cwts. 

Sulph.  Am. 
per  Acre. 

Drilled 
Manures, 

3  CwtS. 

8ulph.  An. 

and  10  cwts. 
Rape-cake 
per  Acre* 

21 
15 

16 

17 

18 

400  lbs.  calcined  bone-dust,  and) 
400  lbs.  sulphuric  acid       . .  / 
400  lbs.  calcined  bone-dust,  420 1 

400  lbs.  calcined  bone-dust,  4201 
lbs.  sulphuric  acid,  and  220  > 
lbs.  magnesian  limestone     . .  1 

400  lbs.  calcined  bone-dust,  4201 
lbs.  sulphuric  acid,  and  470  > 
lbs.  pearlash  ..    :     ..  ..) 

400  lbs.  calcined  bone-dust,  420  j 
lbs.  sulphuric  acid,  105  lbs.  soda  1 
ash,  74  lbs.  magnesian  lime-j 
stone,  and  157  lbs.  pearlash  J 

Mean  by  alkaline  supply   . . 

1  *9Q 

111 
I'll 

102 
1-16 

1-37 
1-35 
1*27 

1-33 

1  t  in 

1-14 
1*21 
1*16 

1*18 

1  •  111 

1  10 
1-14 
1*13 

1-25 

1-10 

1-33 

1-17 

1-15 

are  at  any  rate  sufficient  to  show  that  there  was  no  advantage 
derived  by  the  use  of  alkaline  manures  in  this  soil,  which  had 
been  subjected  to  an  unusually  severe  exhaustion  of  them. 

We  have,  indeed,  uniformly  observed,  not  only  in  the  case  of 
turnips,  but  of  other  plants,  that  by  the  direct  supply  of  alkalies  no 
good  effect  has  resulted  in  the  season  of  the  application,  though 
the  succeeding  crops  have  apparently,  to  a  small  extent,  been 
benefited.  It  is  our  opinion  that,  in  the  ordinary  course  of 
farming,  the  special  supply  of  alkalies  to  the  soil  is  exceedingly 
rarely  requisite, — and,  if  ever  it  be  so,  they  should  never  be  ap- 
plied in  an  alkaline  condition  (which  seems  to  be  very  prejudicial 
to  healthy  vegetation),  but  always  supersaturated  by  acids.  Fur* 
ther,  alkalies  should  not  be  drilled,  but  should  always  be  sown 
broadcast,  and  well  incorporated  with  the  soil.  In  the  case  of 
turnips  especially  is  this  to  be  carefully  attended  to  ;  and,  indeed, 
it  might  be  almost  laid  down  as  a  general  rule,  that  those  manur- 
ing substances  which  take  their  value  as  mere  constituents  of  the 
plant  (alkalies  and  organic  manures),  should  be  well  distributed 
through  the  soil ;  and  those  which  further  exercise  an  influence 
upon  the  health  and  vigour  of  the  plant,  such  as  superphosphate 
of  lime,  should  be  drilled  near  the  seed. 

Whether  or  not  superphosphate  of  lime  owes  much  of  its  effect 
to  its  chemical  actions  in  the  soil,  it  is  certainly  true  that  it  causes 
a  much-enhanced  development  of  the  underground  collective  appa- 
ratus of  the  plant,  especially  of  lateral  and  fibrous  root,  distri- 
buting  a  complete  network  to  a  considerable  distance  around-  the 
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plant,  and  throwing  innumerable  mouths  to  the  surface.    The  ex- 
tent and  direction  of  the  underground  range  of  the  turnip  are  at 
the  same  time  very  much  dependent  on  the  mechanical  condition 
of  the  soil ;  and  it  is  universally  known  that  tilth  is  of  the  highest 
importance  to  the  favourable  formation  of  bulb.    We  know  that 
the  best  relation  of  bulb  to  leaf,  and,  in  fact,  the  best  acreage 
produce  of  bulbs  is  in  the  lighter  soils,  where  there  is  compara- 
tively little  obstruction  to  the  development  of  fibrous  root,  and  it 
is  in  these  that  the  special  efficacy  of  superphosphate  of  lime  has 
been  most  observable.    We  believe  that,  if  the  turnip  is  to  be 
?alued  for  its  bulb-formation,  the  aim  of  our  culture  must  be,  not 
to  increase  the  aboveground  organs  of  collection  (the  leaves),  but 
the  underground  fibrous  roots. 

We  shall  now  consider  the  effects  of  "  organic  manures  "  unon 
the  production  of  turnip  bulb ;  and  the  facts  that  will  come  before 
us  will  tend  to  confirm  the  views  just  maintained  regarding  the 
essential  development  of  rootlet-  rather  than  leaf-accumulation, 
as  a  means  of  obtaining  the  turnip  in  agricultural  quantity  and 
quality. 

The  results  collected  below  will  illustrate  some  of  the  effects 
of "  organic  manures  "  upon  the  growth  of  the  turnip  : — 


Description  of  Mineral  Manures. 

Average  Weight  of  Bulbs,  In  lbs. 

Mineral 
Manures 
only. 

Mineral 
Manures, 
and  10  cwts. 
Rape-cake 
per  Acre. 

Mineral 
Manures, 

and  3  cwts. 

Sulph.  Am. 
per  Acre. 

Mineral 
Manures, 
10  cwt*. 
Rape- cake 
and  3  cwts. 
Sulph.  Am. 
per  Acre. 

Mesn  of  entire  serif s  of  purely  mine-) 
Mean  of  four  experiments  with  alka-j 
Hctn  of  three  experiments  with  super- j 

1'16 
110 
1-21 

1-31 
1-33 
1-37 

1-14 
1-17 
1-18 

1-10 
1-15 
1-13 

We  may  explain  that  the  results  in  the  first  column  were  ob- 
tained by  means  of  mineral  manures  alone,  and  that,  the  previous 
crops  having  been  entirely  removed  from  the  land,  the  organic 
supplies  must  have  been  chiefly  derived  from  the  atmosphere. 
The  development  of  leaf  was  less  in  these  than  in  any  of  the  other 
cases.  In  column  2  there  was,  besides  these  same  mineral  ma- 
nures, 10  cwts.  rape-cake,  which  may  be  estimated  to  provide 
perhaps  50  lbs.  of  nitrogen.  It  was,  however,  employed  in  these 
experiments  as  supply  in?  a  large  amount  of  carbonaceous  matter, 
in  which  it  abounds.  In  the  3rd  column  the  effects  are  due  to 
the  addition  of  3  cwts.  of  sulphate  of  ammonia  to  the  mineral 
manures.  In  these  cases  about  60  lbs.  of  nitrogen  i&  ftAupg\\e&, 
W  no  carbon,    la  the  4th  column  we  have  the  effect*  <A  \Vvc 
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addition  both  of  the  rape-cake  and  of  the  ammoniacal  salt  to  the 
standard  mineral  manure ;  consequently  the  supply  of  nitrogen 
by  manure  would  amount  to  about  110  lbs.  per  acre. 

It  is  seen  that,  whichever  mineral  condition  be  taken,  the  sup- 
ply of  carbonaceous  matter  has  given  the  largest  bulb.  Of  the 
two  mineral  series,  the  acid  and  the  alkaline,  the  former  exhibits 
a  general  superiority  in  each  case,  excepting  in  the  4th  column, 
where  the  defect  is  very  trifling.  In  this  case,  notwithstanding 
there  was  a  carbonaceous  supply  equal  to  that  in  column  2,  the 
excessive  amount  of  nitrogenous  matter  has  prevented  a  favourable 
formation  of  bulb.  These  mean  results  clearly  show  that  carbo- 
naceous ratter  than  nitrogenous  organic  supply  is  favourable  to 
bulb-formation,  and  the  fact  is  confirmed  by  the  following  indi- 
vidual cases : — 

Selected  Results. 


Average  Weight  of  Bulbs,  in  lbs. 

not 

Noe. 

Description  of  Drilled  Manures. 

Drilled 
Manures 
only. 

Drilled 
Manures, 
and  10  cwts. 
Rape-cake 
per  Acre. 

Drilled 
Manures, 

and  3  cwts. 

Sol  ph.  Am. 
per  Acre. 

Drilled 
Manures, 
10  cwts. 
Rape-cake 
and  3  cwts. 
Sulpb.  Am. 
per  Acre. 

18 
19 

20 

Superphosphate  of  lime,  with) 
potass,  soda,  and  magnesia  . .  J 

As  No.  18,  and  1  cwt.  sulphate! 
of  ammonia  / 

As  No.  18,  and  3  cwts.  rape-cake 

1*16 

116 
1*28 

1*33 

1-24 
1-40 

1-18 

102 
1-18 

1*25 

1-09 
1-18 

In  all  these  cases  the  mineral  manure  was  the  same,  and,  in  all, 
the  2nd  column  under  the  cross-dressing  of  rape-cake  shows  the 
best  result  Further,  looking  at  each  column  separately,  we  find 
that  No.  20  always  gives  a  heavier  bulb  than  No.  19,  and,  ex- 
cepting under  the  cross-dressings  of  ammoniacal  salt,  than  No.  18 
also.  The  amount  of  the  differences  is  not  indeed  great ;  but 
when  we  remember  that  the  results  are  calculated  from  nearly 
2000  plants  in  each  case,  their  uniformity  and  constancy  demand 
that  reliance  should  be  placed  in  them.  It  is  clear,  then,  that 
carbonaceous  manures  aid  the  development  of  turnip  bulb.  We 
shall  give  one  more  quotation  on  this  subject : — 


Arerage  Weight  of  Bulbs,  in  lbs. 

No  Cross- 
dressing. 

Cross- 
dressed 

bj  10  cwts. 

Kane-cake 

per  Acre. 

Cross- 
dressed 
b/ 3  cwts. 
Sulphate 

per  Acre. 

dmaed 

by  lOcwta. 
Rape-cake 
ana  3  cwts. 

Sulph.  Am. 
per  Acre. 

No  drilled  manure  (third  season) 

TU~   •  ^                 i  r 

o-n 

0-67    1  0*07 

0-50 

The  instances  before  us  are  of  high  interest  in  many  points  of 


Agricultural  Chemistry — Turnips. 


39 


view,  bat  we  are  not  prepared  to  consider  them  fully  until  we 
have  detailed  the  results  of  an  analytical  examination  of  the 
crops — a  subject  which  we  shall  presently  enter  upon.  Resuming 
die  question  in  discussion,  we  see  that  whilst  ammoniacal  salts  in 
no  degree  restored  fertility  to  this  exhausted  soil,  rape-cake  gave 
a  sixfold  development.  In  the  4th  column,  under  an  equal 
amount  of  rape-cake,  we  find  as  usual  that  the  excess  of  nitro- 
genous manure  has  deteriorated  the  tendency  to  bulb  formation 
exhibited  in  column  2. 

The  contrast  observed  in  the  effects  of  ammoniacal  salts  upon 
wheat  and  upon  turnips  is  very  remarkable,  and  affords  a  striking 
illustration  of  the  widely  differing  requirements  and  sources  of 
growth  of  the  corn-exporting  "  white  crops,"  and  the  home-con- 
sumed, meat-producing  "green"  or  "fallow  crops,"  of  which 
classes,  respectively,  the  two  plants  may  be  considered  as  the 
types. 

Hitherto  we  have  only  considered  the  effects  of  organic  manures 
upon  the  formation  of  turnip  bulb,  the  amount  of  which  is  thought 
to  determine  the  value  of  the  crop  when  cultivated  for  feeding 
and  rotation  purposes.  It  has  been  seen  that  a  liberal  supply 
of  available  phosphates  and  of  organic  manures  abounding  in 
carbonaceous  matter  are  pre-eminently  favourable  to  the  desired 
habit  of  the  plant,  and  that  nitrogenous  supply,  so  essential  to  the 
increased  growth  of  corn,  is  so  here  only  to  a  very  limited  extent 
Under  the  influence  of  ammoniacal  manures,  however,  the  pro- 
duction of  turnip  leaf  is  much  enhanced,  as  the  following  results 
will  show : — 


Description  of  Manures. 


Mean  by  purely  mineral  manures 

Mem  of  mineral  manures,  withl 
10  cvts.  rape-cake  ad^ed    ..  / 

Mean  by  mineral  manures,  and 
J  cwts,  sulphate  of  ammonia 
•dded   

Mean  by  mineral  manures,  and 
3  cwts.  sulphate  of  ammonia 
(second  gathering)      ..  .. 

Mem  by  purely  mineral  manures, 
and  both  rape-cake  and  ammo- 
niacal salt   

Mean  by  purely  mineral  manures, 
and  both  rape-cake  and  ammo- 
niacal salt  (second  gathering) 


Bulb  per  Acre,  In 

Leaf  per  Acre,  in 

Proportion 
of  Leaf  to 

1000  of 

Bulb. 

Tons.  cwt*.  qra. 
12      8  2 

lb*. 
3 

Ton*  cwts.  qra.  lbs. 
4     4     0  14 

326 

13  4 

2 

20 

5 

12 

0 

21 

421 

11  18 

1 

24 

6 

15 

0 

21 

550 

12  5 

0 

13 

5 

14 

0 

17 

406 

11  6 

1 

11 

7 

9 

0 

22 

669 

12  4 

3 

6 

6 

15 

2 

16 

|  554 

Thus,  comparing  lines  1  and  3,  we  find  that  whilst,  by  the  addi- 
tion of  ammoniacal  salt  in  the  latter  case,  there  is  in  an  c^ual 


40 


Agricultural  Chemistry — Turnips. 


space  of  time  half  a  ton  less  of  bulb,  there  is  an  increase  in  leaf 
by  2£  tons  ;  and,  as  shown  in  the  3rd  column,  the  proportion  of 
leaf  to  bulb  is  more  than  half  as  much  again.  Taking  lines  2 
and  5,  the  addition  of  ammoniacal  salt,  as  in  5,  gives  nearly  2  tons 
less  bulb,  but  nearly  2  tons  more  leaf,  the  proportion  of  leaf  to 
bulb  being  again  increased  by  one-half.  The  gross  produce  is 
seen,  therefore,  to  be  greater  in  one  of  these  cases,  and  as  great  in 
the  other,  under  the  addition  of  ammoniacal  salts.  We  have 
before  remarked,  however,  that  whilst  at  the  time  of  gathering, 
the  crops  by  mineral  manures  alone,  as  in  line  1,  had  probably 
more  than  fully  arrived  at  maturity — the  leaves  having  drooped 
and  changed  colour — those  under  rape-cake  addition  only  had 
but  just  attained  full  growth,  and  those  having  ammoniacal  salts, 
as  in  lines  3  and  5,  evidently  possessed  yet  unexhausted  vitality, 
especially  in  No.  5,  the  case  where  rape-cake  was  also  supplied. 
It  might  be  supposed,  therefore,  that  in  due  course  bulbous  de- 
velopment would  succeed  as  the  increased  leaves  drooped.  The 
results  of  the  second  gathering,  taken  when  the  leaves  under  am- 
moniacal salt  without  rape-cake  had  considerably  fallen  (those 
with  it  being  still  vigorous),  show  this  to  have  been  the  case  to  a 
greater  or  less  degree.  A  comparison  of  lines  3  and  4  shows  an 
increase  of  bulb  in  three  weeks  of  7  cwts.,  at  the  expense  of  19 
cwts.  of  fresh  weight  of  leaf.  On  the  other  hand,  line  6  gives  an 
increase  in  the  same  period  of  18£  cwts.  of  bulb,  at  the  expense  of 
only  14  cwts.  of  fresh  leaf.  Under  ammoniacal  salts  alone  there  had 
therefore  been  an  actual  depreciation  in  fresh  weight,  indicating 
at  least  a  loss  of  vitality,  though  there  was  probably  no  real  loss 
of  solid  matter.  Where  there  was  rape-cake  also,  however,  we 
find  an  actual  gain  in  gross  weight,  and  we  had  undoubtedly 
a  vitality  and  resource  of  growth  still  unexhausted.  Comparing 
line  4  with  line  1,  the  latter  has  still  the  largest  weight  of  bulb ; 
and  comparing  line  6  with  line  2,  the  former  is  still  a  ton  in 
advance.  Were  we  to  admit,  however,  that  if  the  crops  could 
have  been  taken  each  at  the  stage  of  its  best  yield  of  bulb,  there 
would  have  been  a  slight  superiority  under  the  nitrogenous  ma- 
nuring, the  quantity  yielding  the  effect  in  these  instances  could 
in  no  form  have  been  economically  obtained,  even  were  there  no 
other  objection  to  its  use. 

The  effects  of  an  excess  of  nitrogen  in  tending  to  an  unprofit- 
able habit  of  the  plant  are  further  exhibited  in  page  41 : — 

It  is  here  seen  that  whilst  farm-yard  dung,  itself  containing 
some  nitrogen,  and  certainly  a  very  full  allowance  of  carbonaceous 
matter,  gives  17  tons  of  bulb,  we  have  more  than  2  tons  less  bulb 
when  ammoniacal  salt  is  superadded  ;  but  there  are  at  the  same 
time  3  tons  more  leaf  than  by  dung  alone.  The  3rd  column 
shows  that  the  actual  size  of  bulb,  as  well  as  its  acreage  produce, 
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Bulb  per  Acre,  in 

Leaf  per  Acre,  In 

Average 
Weight  of 
Bulbs. 

Proportion 
of  Leaf  to 
1000  of 
Bulb. 

12  tons  farm-yard  dang 
12  tons  farm-yard  dung,  | 

and  3  cwts.  sulphate? 

of  ammonia    ..     ..  J 

Tons.  cwts.  qrs.  lbs. 
17     0     3  6 

14    IS     3  12 

Tuns.  cwts.  qre.  lbs 
7      7     3  2 

10     8     3  12 

1*61 
1-45 

433 

700 

was  less,  under  the  excessive  supply  of  nitrogen ;  the  4th,  that 
under  the  same  circumstances  the  proportion  of  leaf  to  bulb  was 
increased  by  more  than  one-half.  So  far  as  supply  of  constituents 
is  concerned,  we  could  select  from  the  series  of  experiments 
several  instances  where  we  may  reasonably  suppose  that  every 
constituent,  excepting  carbon,  existed  more  fully  in  quantity  and 
more  favourably  in  combination  than  in  the  dung,  yet  with  its 
larger  carbonaceous  supply  to  the  root  we  get  the  largest  crop  of 
bulb  in  the  series.  The  excess  of  nitrogenous  manure,  however, 
is  seen  greatly  to  enhance  the  leaf -forming  tendencies  of  the  plant, 
which  it  is  true  may  probably  aid  carbonic  acid  accumulation 
from  the  atmosphere,  but  at  the  same  time  gives  a  less  profitable 
appropriation  of  the  resources  within  the  soil ;  and  we  shall  after- 
wards see  it  to  be  by  no  means  clear  that  there  is  with  *  large 
production  of  leaf  a  proportional  yain  of  nitrogen  from  the  at- 
mosphere. 

Admitting,  then,  that  the  organic  manure  required  for  the 
growth  of  turnip  bulbs  should  be  carbonaceous  rather  than  nitro- 
genous, there  is  still  evidence  that,  under  the  influence  of  a  due 
provision  of  nitrogen,  the  vitality  or  longevity  of  the  plant  is 
greatly  increased ;  and  since  the  turnip  crop  is  required  to  brave 
the  winter  frosts,  an  early  and  perfect  ripening,  such  as  would  be 
induced  by  a  defect  of  nitrogen  relatively  to  carbon,  whilst  it 
might  be  coincident  with  a  more  rapid  bulb  formation,  would  by 
no  means  be  a  desideratum.  We  believe,  however,  that  in  the 
ordinary  course  of  farming,  the  special  supply  of  nitrogen  to  the 
tornip  crop,  by  means  of  artificial  manures,  is  seldom  if  ever  ne- 
cessary ;  for  there  is  no  ample  source  of  available  carbon  which 
does  not  provide  at  the  same  time  a  considerable  amount  of 
nitrogen.  As,  therefore,  in  the  case  of  wheat,  we  need  not  study 
the  supply  of  carbonaceous  manures,  so,  in  the  case  of  turnips,  it 
comes  to  be  unnecessary  to  devote  special  care  to  the  provision  of 
nitrogen.  In  the  one  case  the  means  adopted  specially  to  secure 
nitrogen  to  the  soil,  brings  with  it  enough  of  carbon  ;  and  in  the 
other  the  peculiarly  carbonaceous  manures  are  associated  with 
sufficient  nitrogen. 

We  have  argued  that  for  the  growth  of  turnip-6u/6  a  soil  \s 
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required  in  such  a  mechanical  condition  as  shall  render  it  easily 
permeable  to  the  atmosphere  and  to  the  fibrous  roots  of  the 
plants, — that  healthy  action  and  a  tendency  to  development  of 
very  extended  underground  collective  apparatus  should  be  induced 
by  the  use  of  the  so-called  "  mineral  manures,"  these  never  being 
in  an  alkaline  state,  and  always  containing  a  considerable  quantity 
of  phosphoric  acid  easily  available  to  the  plant, — that  after  the 
early  stages  of  the  plant  are  passed,  its  rapidity  of  growth  de- 
pends upon  an  abundant  provision  in  the  soil  of  constituents  for 
organic  formations,  especially  of  carbon, — that  nitrogen  must  be 
provided  by  cultivation,  though  seldom  by  special  manures,— 
and  lastly,  that  all  these  requisites  being  provided  by  the  farmer, 
the  degree  in  which  his  efforts  will  be  availing  depends  essentially 
upon  certain  climatic  conditions,  comprising  a  considerable  ctwt- 
tinuity  and  amount  of  rain,  as  a  means  of  taking  up  the  stores 
of  the  soil,  keeping  up  a  vigorous  circulation  in  the  plant,  and 
supplying  the  dissolved  gases  of  the  atmosphere. 

These  conditions  compared  with  those  which  are  required  in 
the  culture  of  wheat  are  opposed  to  one  another  in  almost  every 
particular,  but  as  we  proceed  we  shall  see,  that  of  the  observed 
differences  much  is  doubtless  due  to  the  essential  distinctions 
between  the  tendencies  of  the  natural  families  to  which  the  plants 
belong  ;  yet  much  of  it  is  also  attributable  to  the  fact,  that  in  the 
case  of  the  turnip  it  is  not  the  seed  that  is  the  object  of  our 
culture,  but  a  monstrous  accumulation  which  could  only  take 
place  under  a  somewhat  unnatural  or  artificial  balance  of  the 
constituents  of  supplied  food,  and  under  such  a  condition  of 
climate  as  should  be  adverse  to  seed-forming. 

It  is  known  that  where  the  turnip  is  grown  for  its  natural  seed- 
product,  oil,  a  heavier  soil,  richer  manuring,  and,  during  a 
considerable  period  of  the  growth  of  the  plant,  a  much  higher 
temperature,  are  required  than  when  the  bulb  is  to  be  produced. 
Under  these  circumstances  there  will  be  much  less  fibrous  root 
thrown  up  to  the  surface, — the  root  is  scarcely  bulbous,  but  fusi- 
form, tapping  rather  than  spreading  laterally ;  the  leaves  and 
stem  are  much  larger,  both  actually  and  proportionally  to  the 
root,  and  the  organic  manures  should  contain  more  nitrogen  and 
less  carbon.  Were  we  then  to  cultivate  the  turnip  for  its  most 
natural  products,  the  treatment  it  would  require  would  much 
more  nearly  approach  that  adapted  for  wheat  than  at  present; 
the  deviations  from  it  now  observed,  and  which  have  been  referred 
too  exclusively  to  the  natural  specialities  of  the  plants,  would  be 
greatly  lessened,  and  the  character  of  the  plant  as  a  " fallow  crop  " 
would  be  lost.  It  is  no  objection  to  this  assumption  that  in 
selecting  plants  to  transplant  for  seed  from  which  to  grow  bulb, 
those  having  the  most  symmetrical  bulb  are  chosen  rather  than 
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such  as  are  more  fusiform,  and  betray  a  more  abundant  seed- 
forming  habit — in  this  case  it  is  not  the  most  abundant  natural 
teed  that  is  the  object  of  culture,  but  a  seed  having  a  special 
habit  of  growth,  which  habit  it  is  wished  to  propagate. 

There  being  an  evident  understood  subserviency  of  the  leaf  of 
the  turnip  to  the  bulb,  and  a  sort  of  succession  in  the  order  of 
maturation  of  these  different  organs,  the  latter  not  being  perfected 
until  the  former  has  lost  much  of  its  succulence  and  vigour ;  this 
fact,  and  the  special  conformation  of  the  plant,  as  before 'adverted 
to,  have,  in  theory,  led  to  an  appreciation  of  forcing  a  large 
amount  of  leaf,  which  is  not  consistent  either  with  the  full 
efficiency  of  the  conditions  which  our.  researches  show  to  favour 
bulb  formation,  with  the  character  of  die  soils  best  suited  to  the 
growth  of  the  turnip-bulb,  or  that  of  the  plant  which  is  most 
approved  by  the  practical  agriculturist.  It  is  true  that  rela- 
tively to  wheat  and  many  other  plants,  the  turnip  exhibits  a  large 
surface  of  succulent  leaf,  which,  it  is  admitted,  indicates  a  greater 
reliance  in  one  way  or  other  upon  the  atmosphere ;  yet  all  expe- 
rience, when  judging  not  between  the  turnip  and  other  plants, 
but  between  one  turnip  and  another  turnip,  values  the  one  in 
which  the  proportion  of  leaf  is  least  and  the  tendency  to  bulb  the 
greatest.  The  description  of  soil  which  is  called  a  turnip-soil, 
again,  is  just  that  which  is  best  adapted  to  formation  of  fibrous 
root,  and  that  which  always  yields  a  proportionally  small  amount 
of  leaf.  Moreover,  the  soils  which  yield  the  largest  amount  of 
leaf  are  known  not  only  by  their  general  mechanical  condition, 
but  by  their  comparative  richness  in  nitrogen,  to  be  exactly  those 
in  which  the  results  of  our  experiments  would  lead  us  to  anticipate 
that  the  leaf-forming  tendency  would  predominate.  In  these  too, 
as  compared  with  the  lighter  ones,  an  excess  of  nitrogen  in  the 
manure  is  the  more  likely  to  give  an  undesirable  development,  for 
in  the  latter  any  increased  vigour  of  growth  arising  from  nitro- 
genous agency  may  more  easily  extend  the  underground  organs 
and  determine  to  bulb-formation  than  in  the  former. 


We  have  now  given  a  history  of  our  experiments  upon  turnip 
culture  during  the  first  three  seasons  of  their  course,  so  far  as  the 
conduct  of  them  in  the  field  is  concerned,  though  none,  as  yet, 
of  the  results  obtained  in  the  two  succeeding  seasons,  the  last  of 
which  is  now  drawing  to  a  close.  Details  of  this  kind  having, 
however,  already  taken  up  much  space,  and  sufficed,  we  hope,  to 
elucidate  some  established  rules  of  practice,  we  shall  defer  until 
a  future  occasion  a  further  consideration  of  this  branch  of  our 
evidence,  and  enter  at  once  into  an  account  of  our  researches  in 
the  laboratory,  as  tending  not  only  to  confirm  or  confute  cow- 
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elusions  otherwise  arrived  at,  but  as  opening  out  points  of  interest, 
both  in  science  and  in  practice,  not  hitherto  brought  to  view. 

The  atmosphere  and  the  virgin  soil  being  originally  the  exclu- 
sive sources,  the  former  of  the  " organic"  and  the  latter  of  the 
"  inorganic 99  or  "  mineral "  constituents  of  plants,  it  has  been  su p- 
posed  that  the  amount  of  produce  which  a  given  space  of  ground 
would  yield  must  depend  upon  its  richness  in  those  substances 
proper  to  itself,  namely,  the  mineral  constituents ;  and  that  these 
being  supplied  in  full  quantity,  according  to  the  indications  of  the 
analyses  of  the  ashes  of  the  crops  it  is  wished  to  grow,  the  atmos- 
phere would  always  prove  an  ample  available  resource  for  the 
more  peculiarly  vegetable  .matters.  It  will  be  readily  understood 
that  on  such  a  view  as  this,  economy  in  agriculture  would  be 
attained  by  a  very  different  course  of  practice  from  that  required 
were  it  to  be  shown  that  cultivation  should  effect  an  artificial 
accumulation  in  the  soil  of  those  constituents  primarily  derived 
from  the  atmosphere,  rather  than  of  such  as  more  especially 
belong  to  its  own  constitution. 

The  theory  referred  to  has  led  to  the  analysis  of  the  ashes  of  a 
great  many  agricultural  crops,  and  upon  the  data  thus  obtained 
(rather  than  upon  a  consideration  of  the  requirements  actually 
induced  by  an  artificially  enhanced  vegetation,  or  of  the  real 
source  and  destination  of  the  constituents  under  a  course  of  prac- 
tical agriculture),  recommendations  to  the  agriculturist  have  been 
founded,  the  validity  of  which  it  was  desirable  should  be  tested 
by  actual  experiment,  as  well  as  by  the  presumed  dictates  of  ex- 
perience. The  field  results  which  we  have  detailed,  both  upon 
the  subjects  of  wheat  and  of  turnips,  are  unfavourable  to  these 
opinions  and  recommendations,  and  analysis  will  be  found  to  bear 
testimony  in  the  same  direction. 

A  knowledge  of  the  composition  of  our  crops,  as  affected  by 
climate  and  cultivation,  is  however  of  great  importance,  not  only 
as  showing  what  are  the  sources  which  must  be  relied  upon  for 
the  various  constituents,  but  as  assisting  a  judgment  of  the  feeding 
value  of  the  produce,  and  of  the  economy  of  the  means  to  the 
adoption  of  which  the  variations  in  composition  may  be  traced. 
It  is  more  especially  with  a  view  to  these  points  of  interest  that 
our  results  have  been  sought,  and  that  their  bearings  will  be  now 
considered. 

In  the  course  of  an  analytical  examination  of  an  agricultural 
specimen,  the  first  steps  are  to  determine  the  percentages  re- 
spectively of  dry  vegetable  substance  and  of  mineral  matters.  For 
this  purpose  a  known  weight  of  the  produce  is  exposed  for  a 
length  of  time  to  such  a  temperature  as  will  only  expel  all  the 
water  it  contains ;  a  portion  is  then  burnt  to  an  ash,  which  is 
presumed  to  retain  all  the  " mineral"  but  none  of  die "  vegetable," 
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substances  of  the  specimen,  the  latter  having  been  consumed  and 
vaporized  by  the  burning  process.  The  knowledge  which  these 
simple  experiments  may  afford  is  never  to  be  overlooked  in  con- 
sidering the  composition  of  an  agricultural  product,  and  estimating 
its  probable  value,  or  the  economy  of  the  manuring,  or  other 
means  which  have  been  employed  in  its  growth.  A  judgment 
formed  thus  alone,  however,  of  the  comparative  characters  of 
different  specimens  would  be  fallacious,  owing  chiefly  to  the  facts 
that  the  dry  matter  of  different  specimens  of  the  same  kind  of 
plant  may  differ  much  in  composition,  and  that  a  very  large  pro- 
portion of  our  agricultural  produce  is  not  allowed  to  ripen  its  seed 
and  attain  a  somewhat  fixed  condition  .of  dryness  not  materially 
affected  by  collection,  storing,  and  transmission,  but  is  taken  whilst 
the  vital  circulation  of  the  plant  is  still  proceeding  with  consider- 
able vigour,  causing,  long  after  removal  from  the  land,  a  rapid 
exhalation  of  watery  vapour,  tending  very  much  to  mislead  as  to 
the  amount  of  dry  matter  really  contained  in  the  substance  under 
examination.  Unless,  then,  a  series  of  such  specimens — the  com- 
parative characters  of  which  are  to  be  estimated — be  treated  in 
erery  respect  similarly,  as  to  time  of  gathering,  weighing,  &c, 
serious  errors  must  occur. 

When  ultimate  ripened  products  are  the  subjects  of  examina- 
tion, there  is  little  difficulty  in  conducting  a  series  of  drying  ex- 
periments, so  that  the  results  shall  be  true  indications  of  the 
differences  really  dependent  on  climate  and  culture ;  and  although 
in  such  cases  the  range  of  variation  in  the  amount  of  dry  matter 
is  small,  yet  the  variations  themselves  are  very  significant,  bespeak- 
ing at  once  the  conditions  of  growth,  and,  within  certain  limits, 
the  probable  qualities  of  the  products. 

There  can  be  little  doubt  that,  after  reliable  standards  have 
been  fixed,  a  knowledge  of  the  true  undoubted  percentage  of  dry 
matter  in  specimens  of  green  produce  also  might  materially  aid 
our  judgment  of  their  other  characters;  but,  as  yet,  neither  have 
we  these  standards,  nor  are  the  methods  of  different  experimenters 
so  uniform  that  their  results  can  compare  one  with  another.  So 
little,  indeed,  is  really  fixed  and  generally  admitted  regarding 
both  the  methods  of  and  the  proper  inferences  from  such  experi- 
ments, that  the  results  of  the  same  operator  will,  in  his  own  view, 
be  the  more  doubted  the  more  he  learns  of  the  lesson  they  are 
calculated  to  teach  ;  and  before  there  can  be  any  common  argu- 
ment or  comparison  conducted  on  such  subjects,  there  must  be 
some  uniformity  of  method  agreed  upon.  In  illustration  of  this 
necessity  one  or  two  experiments  only  are  needed. 

A  quantity  of  turnip-leaves  were  taken  direct  from  the  field  to 
*  barn  about  sunset,  and  were  immediately  weighed  into  lots  of 
25  and  50  oz.  each.    These  bundles  were  laid  upon  straw,  and 
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on  re-weighing  the  following  morning  were  found  to  have  lost 
more  than  6  per  cent.  If  the  leaves  gathered  in  the  evening  had 
not  been  weighed  for  drying  until  the  following  morning,  an  error 
of  1  per  cent  or  more  in  the  estimation  of  dry  matter  would  thus 
have  arisen.  We  have  elsewhere  stated  that  100  oz.  specimens 
of  green  wheat-plant  lost  invariably  from  7  to  9  per  cent  during 
the  process  of  separating  from  each  other  the  leaves,  the  ear,  and 
the  stem,  although  two  persons  were  employed  in  the  operation. 

Again,  five  turnips,  with  their  leaves,  were  found  to  weigh  as 
soon  as  gathered  16  lbs.  4£  oz. ;  after  exposure  two  days  and 
nights  upon  straw,  under  cover,  they  weighed  15  lbs.  5^  oz. ; 
and  after  three  days  and  nights  more,  14  lbs.  8J  oz.  Thus,  if 
after  being  gathered  48  hours,  100  oz.  had  been  taken  for  a 
drying  experiment,  it  would  have  been  equivalent  to  106  oz.  of 
fresh  plant ;  and  if  after  five  days,  to  112  oz.  Five  plants  were 
next  taken,  and  the  leaves  cut  oSy  leaving,  perhaps,  two  inches  of 
stem  upon  the  bulbs.  The  turnips,  thus  freed  of  their  leaves, 
weighed  12  lbs.  8i  oz. ;  after  48  hours  on  straw,  under  cover, 
12  lbs.  4}  oz. ;  and  after  3  days  more,  11  lbs.  3f  oz.  In  this 
case,  100  oz.  taken  after  being  gathered  48  hours  would  have 
represented  102  oz.  fresh  bulb  ;  and  after  5  days,  106  oz.  These 
turnip  experiments  were  made  in  cold  October  weather  ;  but  the 
amount  of  loss  sustained  would  of  course  depend  much  upon 
the  vigour  of  growth  of  the  plant,  upon  the  state  of  the  weather 
at  the  time,  and  the  temperature  of  the  place  where  the  plants 
were  kept. 

It  is  evident,  then,  that  very  serious  errors  may  arise  when 
specimens  are  received  from  a  distance,  or  even  when  they  are 
not,  unless  special  precautions  be  taken,  according  to  the  nature 
of  the  produce  under  examination.  Indeed  it  is  exceedingly 
difficult,  when  fully  aware  of  these  circumstances,  so  to  conduct  an 
extensive  series  of  comparative  experiments  on  green  or  succulent 
substances  as  to  obtain  results  which  shall  be  both  actually  and 
relatively  to  each  other  open  to  no  objection. 

When,  in  the  experiments  quoted  above,  bulbs  with  the  leaves, 
or  the  leaves  alone  are  taken,  the  loss  is  seen  to  be  much  greater 
than  when  the  bulbs  alone  are  operated  upon.  This  is  what 
might  have  been  anticipated,  and  shows  clearly  that  the  effect  is 
due  to  the  continuance  of  the  natural  circulatory  processes  of  the 
leaves  after  removal  from  the  land. 

In  operating  upon  bulbs  or  roots  which  are  in  contact  with  the 
soil,  we  meet  with  a  difficulty  of  another  kind.  In  such  cases 
there  is  always  a  quantity  of  soil  adhering  to  the  specimens, 
which,  if  not  removed,  will  affect  to  some  extent  the  determination 
of  dry  matter,  and  still  more  seriously  that  of  the  mineral  matter. 
A  single  bulb  may  be  cleaned  sufficiently  by  careful  picking  and 
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wiping,  bat  an  extended  series  of  determinations  cannot  be  con- 
ducted under  equal  circumstances  and  with  the  necessary  despatch 
without  washing,  by  which  soluble  substances  may  to  some  extent 
be  removed,  or  an  absorption  of  water  may  take  place.  With 
the  view  of  ascertaining  the  degree  of  error  to  which  the  washing 
of  bulbs  for  drying  and  burning  may  lead,  six  lots,  consisting 
each  of  five  turnips,  were  taken,  and  the  leaves  were  cut  of£ 
leaving  a  sufficient  handle ;  three  of  the  lots  were  carefully  cleaned 
without  the  use  of  water,  the  other  three  being  scrubbed  with 
a  brush  in  water,  in  which  they  were  allowed  to  remain  for  ten 
minutes  or  a  quarter  of  an  hour ;  they  were  then  taken  out,  rubbed 
dry  with  a  cloth,  sliced,  and  weighed.  After  exposure  to  a  tem- 
perature of  212J  for  a  sufficient  time,  the  percentages  of  dry 
matter  were  as  under: — 


Lot. 

Without 
washing. 

With 
washing. 

1 

8'36 

7*96 

S 

803 

779 

3 

7-64 

730 

Average  8*01 

7'68 

There  was  evidently  some  difference  in  the  specimens  them- 
selves, but  the  washing  process  gives  in  the  main  a  less  per- 
centage of  dry  matter  than  the  other.  Without  washing  there 
must  always  be  expected  a  small  excess,  and  with  it  a  slight  de- 
ficiency. In  the  particular  instances  quoted  the  deficiency  was 
likely  to  be  greater  than  in  the  usual  conduct  of  the  process,  as 
the  operation  was  purposely  rather  prolonged,  that  the  extreme 
effects  might  be  ascertained.  It  is  admitted,  however,  that  wash- 
ing is  an  objectionable  procedure ;  but  when  drying  and  burning 
experiments  are  conducted  on  an  extended  scale,  the  results  will 
be  more  uniform  in  character  and  more  comparable  one  with 
another  than  were  any  other  method  adopted,  as  all  such  either 
take  up  so  much  time  that  the  specimens  must,  with  the  risk  of 
change  of  weather,  be  collected  at  different  times,  or  so  many 
persons  must  be  employed  that  the  desirable  surveillance  is 
impracticable. 

Having  given  thus  far  some  general  statement  as  to  the  manner 
in  which  our  drying  results  have  been  obtained,  those  of  our 
readers  who  understand  such  matters  will  be  able  to  decide  for 
what  purposes  our  figures  may  be  relied  upon,  and  wherein  they 
ire  likely  to  be  wide  of  the  exact  truth.  For  ourselves,  we  are  of 
opinion  that,  taken  in  series  rather  than  individually,  they  may  be 
trusted  in  discussing  any  points  with  which  our  general  knowtaS^e 
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of  such  subjects  will  lead  us  to  deal,  and  that  they  very  closely 
represent  the  exact  facts. 

The  following  dry-matter  results  (p.  49)  refer  only  to  the  pro- 
duce of  the  third  year's  experiments  (season  1845).  The  entire 
series  is  tabulated. 

Were  we  to  consider  each  of  these  results  seriatim,  with 'a  view 
to  trace  the  variations  in  the  produce  to  variations  in  the  compo- 
sition of  the  mineral  or  of  the  organic  manures,  we  should  find  nu- 
merous exceptions  to  any  generalization  to  which  we  might  thus 
be  led.  When  we  look,  however,  at  extreme  instances,  or  at 
series  strictly  comparable  one  with  another,  we  cannot  fail  to 
see  some  undoubted  general  connexion  between  the  amount 
of  dry  matter  on  the  one  hand,  and  such  character  or  stage 
of  growth  as  we  have  already  observed  to  result  from  certain  con- 
ditions of  manuring  on  the  other.  We  must  be  careful,  however, 
to  bear  in  mind  the  nature  of  the  substances  on  which  we  have 
been  operating,  and  the  various  circumstances  which  have 
been  pointed  out  as  tending  to  vitiate  the  legitimacy  of  any 
comparisons ;  otherwise  we  may  place  undue  reliance  on  single 
results,  or,  finding  these  discrepant  with  others,  come  to  the  con- 
clusion that  we  have  no  lesson  taught  us  by  so  extensive  and 
laborious  a  course  of  experiments.  With  our  present  limited 
knowledge,  it  is,  moreover,  desirable  to  exercise  great  caution  in 
applying  to  practice  the  indications  of  results  of  this  kind. 

It  must  be  remembered,  then,  that  the  turnip  plant  cultivated 
as  food  for  stock  is  gathered  at  no  well-defined  stage  of  its  growth, 
but  whilst  containing  a  vast  amount  of  circulating  fluid,  the  pro- 
portion and  concentration  of  which  is  subject  to  constant  variation 
under  the  influence  of  the  still  active  vital  processes  of  the  plant, 
the  varying  stores  of  moisture  and  of  food  presented  to  the  roots, 
and  the  circumstances  of  temperature,  light,  and  moisture  of  the 
atmosphere,  to  which  the  leaves  are  exposed.  In  fact,  we  might 
liken  the  growing  turnip  to  an  animal  whose  gross  composition 
would  vary  according  to  his  resources  of  food  and  drink,  and  the 
condition  of  exhaustion  or  waste  to  which  he  is  exposed.  Atone 
time  his  stomach  and  blood-vessels  are  full,  and  at  another  their 
contents  bear  a  much  lessened  relation  to  the  more  fixed  portion 
of  the  body. 

The  water  existing  in  the  Norfolk-white  turnip-bulb  is  seen  to 
constitute  more  than  nine-tenths  of  its  entire  weight ;  and  if  it 
should  appear  that  the  proportion  varies  according  to  the  stage  of 
growth,  it  will  be  admitted  that  the  degree  of  maturity  of  a  suc- 
culent plant  which  is  to  be  the  subject  of  a  drying  experiment, 
must  be  regarded,  in  deciding  its  probable  yield  of  solid  food,  as 
resulting  from  various  manures ;  for  if  the  amount  of  water  is 
found  to  decrease  accordingly  as  the  plant  matures,  that  one  which 
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after  an  equal  period .  of  growth  is  found  to  contain  most  water 
would,  conditionally,  indicate  a  more  extended  further  growth,  and 
the  manure  under  which  it  had  grown  might  be  better  rather  than 
worse  than  that  to  which  the  more  solid  turnip  owed  its  character. 
Again;  a  series  of  plots  under  different  manures,  though  they 
will  be  characterized  by  an  undoubted  difference  in  the  stage  of 
maturity  of  the  plant,  will  each  within  itself  exhibit  a  wide  range 
of  variation  in  this  respect,  and  it  is  impracticable  to  gather  spe- 
cimens which  shall  certainly  and  exactly  represent  the  characters 
induced  by  the  manuring  of  the  plots.  In  our  experiments,  from 
ten  to  twenty  plants  of  average  size,  and  which  appear  to  be  sound 
and  firm,  are  selected  from  each  plot,  and  from  these,  when 
washed  and  sliced,  a  weighed  quantity  is  taken ;  in  some  cases 
100  oz.,  and  in  some  150  oz. ;  in  some  more,  and  in  some  less. 
The  results  given  in  the  table  were  obtained  from  specimen  lots 
of  150  oz.  each,  and  the  soil,  season,  variety  of  turnip,  and  time 
of  sowing  and  gathering,  were  the  same  throughout.* 

From  these  remarks,  our  readers  will  be  able  to  judge  for 
themselves  whether  too  much  or  too  little  is  based  upon  our  re- 
sults. We  feel,  however,  that  it  will  be  much  more  conducive  to 
the  interests  of  agriculture  that  the  error  should  be  in  the  latter 
rather  than  in  the  former  direction. 

The  following  mean  results  exhibit  the  general  bearings  of  the 
experiments  more  clearly  and  safely  than  individual  selections 
would  do : — 


Dry  Matter,  per  cent. 


Description  of  Drilled  Manures. 


Mean  of  13  purely  mineral  manures  . 
Mean  of  4  experiments  with  alkaline) 

phosphates  ) 

Mean  of  3  experiments  with  super-) 


phosphate  of  lime 


Drilled 
Manures, 
and  Top- 
dressing  of 
Rape-cake. 


j  lulled 
Drilled     I  Manure*. 
Manures,  !  aud  Top- 
and  Top-   1  dressing  of 
dressing  of  ,  Kape-cake 
A  mm.  Salt,   and  A  mm. 

Salt. 


These  means  show  a  striking  uniformity  in  the  amount  of  dry 
matter  in  each  column  taken  separately, — that  is,  under  the  influ- 
ence of  various  mineral  manures,  but  a  like  resource  for  organic 
formations.  Comparing  column  with  column,  however,  we  find 
a  difference  which,  though  not  actually  great,  must  be  admitted 
to  have  some  meaning,  when  we  bear  in  mind  the  uniformity 
within  the  columns  themselves.    Were  we  to  compare  these 

•  The  conditions  of  manuring  alone  were  different,  and  we  may  therefore  rtly 
upon  the  general  indications  of  the  experiments,  so  far  as  the  effects  of  manures 
msv  concerned. 
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effects  of  organic  supply  upon  the  percentage  of  dry  matter  with 
those  of  the  same  conditions  upon  the  average  acreage  produce,  no 
correspondence,  either  direct  or  inverse,  would  be  clearly  denned  ; 
for  we  see  in  the  table  just  given  a  pretty  uniform  depreciation 
from  the  first  column  to  the  third,  and  the  fourth  is  not  wide  of 
the  third,  but  the  acreage  amounts  of  produce  were  as  under : — 


Average  Acreage  Produce  of  Bulb,  iu  tons,  cwts.,  qrs.,  and  lbs. 


Drilled  Manures  only. 

Drilled  Manures, 
and 

Top-dressing  of 
Rape-cake. 

Drilled  Manures, 
and 

Top-drewing  of 
Amra.  Salt. 

Drilled  Manures, 
and  Top-dressing  of 
Rape-cake  and 
Amm.  Salt 

Tons.  cwts.  qrs.  lbs. 

Tons.  cwts.  qrs,  lbs. 

Tods.  cwts.  qrs.  lbs. 

Tons.  cwts.  qrs.  lbs. 

12     8     2  3 

13    4    2  20 

11,   18    1  24 

11    6    1  11 

We  have  before  stated,  that  at  the  time  of  the  first  gathering  of 
the  crops,  a  short  time  prior  to  which  the  specimens  for  analysis 
were  taken,  the  plants  growing  by  purely  mineral  manures  were 
very  markedly  the  ripest,  their  leaves  having  much  drooped ; 
next  in  order,  in  this  respect,  came  those  having  rape-cake  in  ad- 
dition ;  then  those  having  sulphate  of  ammonia  ;  and,  lastly,  those 
with  both  rape-cake  and  ammoniacal  salt.  The  proportion  of  leaf  to 
bulb  at  the  time  of  weighing  shows  this  to  some  extent.  It  was 
as  under : — 


Drilled 
Manures 
only. 

Drilled 
Manures, 
and  Top- 
dressing  of 
Rape-cake. 

Drilled 
Manures, 
and  Top- 
dressing  of 
Amm.  Salt 

Drilled 
Manure*, 
and  Top- 
dressing  of 
Rape-cake 
and  Amm. 
Salt 

Proportion  of  leaf  to  1000  of  bulb  . . 
Mean  percentage  of  dry  matter 

826 

421      '  559 

G69 

8*84 

7- 97     1  7-41 

7*48 

We  hare,  then,  the  largest  amount  of  dry  matter  with  the 
ripest  bulb  and  poorest  supply  of  organic  manure,  very 
nearly  the  smallest  amount  of  dry  matter  with  the  plants 
least  advanced  to  the  point  of  heaviest  bulb,  but  which  had  the 
largest  stores  of  food  in  the  soil,  and  probably  the  prospect  of  the 
longest  life  and  fullest  eventual  growth,  at  least  of  entire  plant,  if 
not  of  bulb  itself.  The  second  weighing  of  the  crops  did  indeed 
show  in  this  case  an  increase  in  bulb  and  a  decline  in  the  propor- 
tion of  leaf  to  bulb.  Here,  then,  the  influence  of  manures  is 
indirect ;  for  the  proportion  of  dry  matter  is  seen  to  be  mainly 
dependent  upon  the  degree  of  maturity  of  the  plant, — and  that  this 
it  affected  by  manures  has  been  already  shown ;  and  since  tV& 
Iwfcest  proportion  of  dry  matter  may  show  an  early  advanced  Bfcu&e 
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of  maturity,  frequently  arising  from  an  exhaustion  of  the  materials 
of  growth,  it  may  in  fact  bespeak  the  worst  manuring  condition, 
all  other  circumstances  being  equal.  It  is  evident  then,  that, 
even  supposing  the  percentage  of  dry  matter  to  be  an  uncondi- 
tional measure  of  the  feeding  value  of  any  particular  specimens, 
no  comparison  could  be  drawn  respecting  the  efficiency  of  the 
manures  by  which  they  were  grown,  unless  every  other  condition, 
whether  of  season,  soil,  maturity,  or  variety,  were  considered  in 
their  influence  ;  and  then,  indeed,  the  effects  of  the  manures  may 
be  due  to  a  forcing  rather  than  to  a  supporting  power.  We  shall 
have  further  proof,  however,  that  the  amount  of  water  existing  in 
the  turnip  depends  upon  the  proportion  of  circulatory  to  the  more 
fixed  matter,  and  that  as  the  plant  matures  that  of  the  former  di- 
minishes and  that  of  the  latter  increases  ;  and  it  will  also  be  seen 
that  equal  weights  of  dry  matter  may  differ  very  greatly  in  pro- 
bable nutritive  value. 

Before  leaving  the  results  of  the  table,  we  may  observe  that  by 
this  series  of  nearly  100  different  manures,  the  utmost  variation  in 
the  proportion  of  dry  matter  in  the  Norfolk- white  turnip-bulb  is, 
after  an  equal  period  of  time,  2*65,  or  about  2 J  per  cent.,  not- 
withstanding that  there  was  a  vast  difference  in  the  stage  of 
maturity  of  the  plants ;  and  it  is  thought  'that  if  the  specimens 
could  have  been  taken  each  at  the  point  of  its  fullest  growth,  the 
variation  strictly  dependent  on  manures  would  have  been  much 
less.  The  highest  percentage  of  dry  matter  in  the  entire  series 
is  9*3, — all  the  rest  arc  below  9,  more  than  half  below  8,  and 
several  below  7 ;  the  limit  of  difference,  even  under  the  actual 
circumstances,  is,  however,  in  by  far  the  larger  number  of  cases 
within  1  per  cent.  Boussingault  gives  7 '58  per  cent,  which 
agrees  pretty  well  with  our  determinations,  the  mean  of  which  is 
7*83  ;  other  observers  having  found  a  range  in  the  proportion  of  dry 
matter  of  the  turnip-bulb  from  this  amount  to  nearly  double,  have 
attributed  much  of  the  variation  to  the  conditions  of  manuring ; 
but  the  foregoing  facts,  in  conjunction  with  those  we  shall  now 
state,  will  show  that  no  judgment  of  the  effects  of  manures  in  this 
respect  can  be  formed  unless  the  experiments  are  made  with  the 
same  variety  of  the  plant 

The  specimens  here  referred  to  were  grown  in  different  fields, 
and  by  different  manures,  and  several  of  them  in  the  ordinary 
course  of  the  farm.  The  90  lots  of  experimental  Norfolk-whites 
give  a  number  for  the  mean  percentage  of  dry  matter  identical 
with  that  found  under  farm-yan}  dung,  and  their  extreme  varia- 
tion is  2 '65.  The  two  specimens  of  green  common  turnips  show 
the  same  amount  of  dry  matter  with  a  difference  of  manuring. 
The  various  swedes  again  differ  considerably  from  one  andther, 
yet  in  a  greater  degree  from  the  common  turnips.  The  extreme 
variation  in  the  entire  series  quoted  is  from  6  65  in  the  Norfolk- 
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Description  of  Turnips. 


Norfolk  White  (lowest  of  experimental  series) 
(highest  of  experimental  series) 


Percentage 
of  Dry 

Hatter  in 
Turnip 
Bulbs. 


6*65 

„      (mean  of  experimental  series)   !  7*83 

7-83 
7*94 
7*94 
9*04 
9-61 
12-25 


by  farm-yard  dung  in  experimental  series . 

Green  common  turnip,  by  farm-yard  dung  

„  „      by  superphosphate  of  lime 

Swede,  Skirting's  green  toj>  

purple  top  

„   purple  top  (old  variety,  name  unknown)  


whites  to  12*25  in  the  purple-topped  swede,  or  more  than  5 J  per 
cent ;  but  there  is  little  doubt  that  it  is  dependent  on  the  variety 
of  plant,  rather  than  upon  any  effects  of  manure  or  culture. 

As  a  general  inference  from  our  results,  we  may  state  that  the 
mineral  and  carbonaceous  manures,  which  we  have  before  seen  to 
favour  bulb-formation, — that  is,  to  determine  to  an  early  maturity, 
are  those  which  in  a  given  time  will  yield  the  largest  percentage 
of  dry  matter  in  the  bulb ;  but  nitrogenous  manures,  on  the  other 
band,  which  when  in  excess  do  not  enhance  bulb-formation  (a 
process  of  deposition  J,  but  rather  an  extension  of  the  leaf  or  more 
vascular  system  of  the  plant,  involving  a  prolonged  tendency  to 
active  circulation,  and  consequently  a  higher  amount  of  vehicular 
watery  fluid  in  proportion  to  fixed  substance,  will  afford  a  smaller 
percentage  of  dry  matter  in  the  produced  bulb. 

Were  we,  assuming  bulb-formation  to  succeed  leaf-formation, 
to  judge  from  some  analogy  furnished  by  other  plants,  we  might 
expect  that  the  earlier  organ,  the  leaf,  would  contain  a  less  per- 
centage of  dry  matter  than  the  later  one,  the  bulb ;  but  inasmuch 
•  as  the  dry  matter  is  frequently  about  twice  as  great  in  the  former 
as  in  the  latter,  any  such  reasoning  would  imply  a  wrong  con- 
ception of  the  physiological  relationship  of  the  two  organs. 

We  regret  that  the  entire  series  of  leaves  of  this  3rd  year  of 
oar  experiments  was  not  collected  for  drying,  and  that  indeed 
none  were  taken  until  after  the  first  weighing  of  the  crops,  a  few 
weeks  later  than  the  specimen-bulbs  were  gathered.  We  shall 
not,  therefore,  employ  die  results  for  any  more  important  purpose 
than  to  show  how  far  the  effects  of  manures  are  the  same  in  kind 
as  in  the  case  of  the  bulbs,  determining  to  the  depositing  or  to  the 
more  circulatory  tendencies  of  growth. 

Here  again  we  find  no  considerable  variation,  yet  sufficient  in 
amount  and  in  uniformity  to  render  the  mean  results  reliable  for 
odh  present  purpose.  The  plants  by  mineral  manures  alone,  in 
the  first  column,  which  were  the  furthest  advanced  in  matviraUw 
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Percentage  of  Dry  Matter  in  Norfolk  White  Turnip  Leaf. 


9 
U 
18 

21 

2'-? 


I  description  of  Drilled  Manures. 


400  lbs.  calcined  bone-dust,  hydrochloric  acid) 
=  268  lbs.  sulphuric  acid   J 

11  cwts.  superphosphate  of  lime  (land  trenched) 
18  inches  deep  iu  1844)   / 

400  lbs.  calcined  bone-dust,  420  lbs.  sulphuric! 
acid,  105  lis.  soda  ash,  74  lbs.  magnesian} 
limestone,  and  1 57  lbs.  pearlash  | 

400  lbs.  calcined  bone-dust,  and  400  lbs.  sul-l 
phuric  acid   #  I 

1 1  cwts.  superphosphate  of  lime   

Mean  results   


Drilled 

Drilled 

Drilled 

Manured, 

Manures, 

and  Top- 

and  Top- 

dressing  of 

dreaalng  of  Bane-cake 

only. 

Sulph.  Am. 

and  Sulph. 
Ammonia. 

13-63 

13*23 

12-57 

13*93 

13-19 

12-74 

13  79 

13-43 

13*46 

13-33 

13-12 

12-68 

13-97 

13-55 

12-91 

13*73 

13-31 

12*87 

(or  almost  past  that  point),  give  the  highest  percentage  of  dry 
matter  in  the  leaf  as  well  as  in  the  bulb.  Those  under  the  addi- 
tion of  ammoniacal  salt  give  in  the  leaf  a  percentage  uniformly, 
but  not  so  far  relatively  lower  as  in  the  case  of  the  bulbs ;  but  it 
must  be  remembered  that  the  leaves  were  gathered  much  later, 
and  indeed,  when,  in  these  cases  as  well  as  in  those  by  the  purely 
mineral  manures,  the  point  of  maturity  and  exhaustion  of  soil- 
supplies  for  organic  food  had  been  approached,  or  past  We 
find  again  that  the  more  vigorous  plants  under  both  rape-cake 
and  ammoniacal  salt  have,  coincidently  with  the  greater  preva- 
lence of  vascular  action,  a  less  percentage  of  dry  matter. 

Whilst  we  are  writing,  the  specimens  of  the  present  season's 
growth  are  being  operated  upon  in  the  drying  bath,  but  as  we 
have  not  given  any  account  of  our  experiments  since  1845,  we  % 
need  only  say  that  succeeding  results  indicate  the  same  general 
facts  on  the  subject  of  dry  matter  as  those  to  which  we  have 
drawn  attention. 


Having  argued  that,  supposing  the  dry  matter  in  the  turnip 
were  of  uniform  composition,  a  high  percentage  can  only  indi- 
cate the  amount  of  solid  substance  in  a  given  amount  of  produce 
at  the  period  of  growth  at  which  the  determination  is  made,  and 
does  not  by  any  means  unconditionally  show  the  efficiency  of  the 
manures  employed,  we  shall  turn  our  attention  to  the  composition 
of  the  dry  substance  itself.  It  has  been  stated  that  dry  vegetable 
produce  contains  the  so-called  vegetable  or  "organic"  consti- 
tuents, and  the  " mineral "  or  " inorganic"  the  latter  being  tffat 
portion  which  remains  after  the  former  is  burnt  away. 
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We  shall  first  speak  of  the  composition  of  the  organic  or  vege- 
table part  of  the  turnip,  and  shall  endeavour  to  show  its  de- 
pendence on  the  manures  by  which  the  plant  is  grown,  and  the 
probable  relative  feeding  values  of  different  specimens. 

We  do  not  pretend  to  have  reached  further  than  the  threshold 
of  this  inquiry,  but  still  hope  our  results  may  furnish  some  inter- 
esting inferences.  The  organic  matter  of  the  turnip-bulb  is 
composed  of  several  complex  bodies,  some  of  which  consist  of 
carbon,  hydrogen,  and  oxygen,  whilst  others  contain  nitrogen  in 
addition  to  the  other,  three  elements.  Other  substances,  such  as 
sulphur  and  phosphorus,  are  also  found  in  these  compounds,  but 
in  small  quantities,  and  their  presence  or  absence  is  immaterial 
to  us  just  now. 

Those  of  the  compounds  which  contain  nitrogen  are  in  less 
proportion  in  plants  than  those  in  which  it  is  absent ;  but  nitro- 
gen is  a  very  important  constituent  in  all  food,  so  much  so  indeed 
that  the  comparative  feeding  value  of  different  articles  of  produce 
may  frequently  be  estimated  by  the  amount  of  nitrogen  they  con- 
tain ;  and  we  shall,  to  some  extent,  act  upon  this  assumption  in 
what  we  are  about  to  detail. 

Those  who  have  read  the  paper  on  Agricultural  Chemistry  in 
the  last  number  of  this  Journal,  will  bear  in  mind  the  remark- 
able fact  there  indicated,  that  the  larger  the  amount  of  the  nitro- 
gen supplied  by  manure  for  the  growth  of  wheat,  the  less  was 
the  percentage  of  that  substance  in  the  produced  grain.  This 
is  not  consistent  with  the  views  generally  maintained  on  this  sub- 
ject, but  it  seemed  to  us  not  only  sufficiently  proved  by  our  ex- 
periments— but,  when  it  was  remembered  that  wheat-grain  was 
peculiarly  a  starchy  seed,  and  that  starch  contains  no  nitrogen,  it 
was  thought  that  whatever  tended  to  the  healthy  action  of  the 
plant  (as  nitrogenous  manures  were  found  to  do)  would  of  neces- 
sity develop  the  special  aim  and  products  of  the  plant,  and  that 
in  fact  it  was  more  natural  to  expect  that  the  seed  would  under 
these  circumstances  be  more  starchy  than  that  it  would  be  more 
nitrogenous  and  less  starchy.  In  growing  wheat-grain,  then,  by 
means  of  nitrogenous  manures  the  percentage  of  nitrogen  in  the 
produce  was  rather  diminished  than  increased.  The  following 
results  will  show  whether  a  similar  effect  is  observed  in  the 
growth  of  turnip-bulbs : — 

This  is  not  the  place  to  give  any  detailed  account  of  our  methods 
of  analysis,  but  we  may  say  that  we  think  considerable  confidence 
may  be  placed  in  the  results,  as  a  comparative  series ;  and  we 
believe  diem  to  be,  moreover,  not  wide  of  the  exact  truth.  If  we 
hac^to  give  an  opinion,  however,  as  to  the  probable  direction  and 
extent  of  any  error,  we  should  suspect  it  to  be  in  defect  rather 
than  in  excess,  and  that  if  it  exist  it  is  pretty  uniform  throughout 
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Percentages  of  Nitrogen  in  Dry  Turnip  Bulbs,  the  produce  of  different 

Manures. 


Plot  Numbere. 

Description  of  Drilled  Manures. 

Drilled 
Manures 
only. 

Drilled 
Manures, 
and  Top- 
dressing  of 
Rape-cake. 

Drilled 
Manures, 
and  Top- 
dressing  of 
Amm.  Salt 

Drilled 
Manures, 
and  Top- 
dressing  of 
Rape-cake 

and 
Amm.  Salt. 

9 
22 

400  lbs.  calcined  bone-dust,  hydro- ) 
chloric  acid  =  268  lbs.  sulphuric  I 

1 1  cwts.  superphosphate  of  lime    . . 

1-46 
1-58 

1*93 
1-89 

2*82 
289 

2*22 
2*44 

1-52 

1-91 

286 

2-3S 

the  series ;  that  its  probable  extent  is  0*10,  and  'its  utmost  range 
0*20.  Should  such  general  deficiency  pervade  our  results,  it  is 
dependent  partly  on  the  fact  that  succulent  specimens  cannot  be 
fully  dried  in  air  at  212°  without  some  loss  of  nitrogen,  and  in 
part  also  upon  certain  practical  difficulties  attending  the  conduct 
of  the  determination  of  nitrogen  in  substances  in  which  the  actual 
percentage  is  so  small  as  in  the  instances  before  us.  We  may 
add  that  each  of  the  results  given  in  this  paper  is  the  mean  of 
two  determinations  at  least,  and  when  there  has  been  a  difference 
of  0*10  a  third  has  always  been  made. 

Referring  to  the  results  of  the  table,  and  taking  the  columns 
separately,  we  see  a  very  marked  coincidence  between  the  figures 
in  each,  and  as  marked  a  contrast  between  column  and  column ; 
and  if  we  call  to  mind  the  peculiarities  of  the  several  organic 
conditions  of  manuring,  we  shall  see  the  influence  of  the  nitro- 
genous supply  to  be  exactly  opposite  to  that  observed  in  the 
case  of  wheat-grain,  and  in  fact  that  the  percentage  of  nitrogen 
in  the  turnip-bulb  bears  a  direct  instead  of  an  inverse  relation  to 
the  predominance  of  that  substance  in  the  manure. 

Thus,  in  the  instances  quoted,  the  percentage  of  nitrogen  in 
the  dry  substance  of  the  produced  bulb  is  by  mineral  manures 
alone  1*52  ;  by  the  addition  of  rape-cake,  which  contains,  besides 
a  large  amount  of  carbon,  a  considerable  quantity  of  nitrogen,  we 
have  1*91  per  cent ;  by  ammoniacal  salts,  supplying  abundance 
of  nitrogen,  but  no  carbon,  2*86  per  cent. ;  and  when  to  this  ex- 
clusive nitrogenous  supply  rape-cake  is  superadded,  we  have 
2*33  per  cent  There  is  here  se*en,  then,  very  evident  connexion 
between  the  percentage  of  nitrogen  in  the  substance  of  the  bulb, 
and  the  supply  of  it  in  the  manures  employed.  It  is  worthy  of 
remark,  however,  that  it  is  not  the  actual  acreage  quantity  of 
nitrogen,  but  its  proportion  to  other  constituents  that  is  so  clearly 
j/idi rated.  Thus,  in  the  third  column,  with  an  acreage  supply  of 
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about  60  lbs.  of  nitrogen  by  manure,  we  have  a  percentage  of 
2  86  in  the  dry  matter  of  the  produced  bulb,  whilst  in  the  fourth 
column,  with  a  supply  of  about  110  lbs.  per  acre,  we  have  only 
2*33  per  cent. ;  but  when  we  remember  that  in  the  latter  case 
there  was  a  large  amount  of  carbon  in  the  manure,  and  in  the 
former  none,  we  have  a  clear  illustration  of  the  close  connexion 
between  the  provision  by  manure  and  the  composition  of  the  pro-  * 
duce.  To  render  our  meaning  more  intelligible  we  may  further 
explain  that  the  nitrogen  in  the  turnip,  and  indeed  in  food- 
products  generally,  exists  in  combination  with  carbon,  hydrogen, 
and  oxygen,  itself  comprising  nearly  one-sixth  j>art  of  the  thus 
constituted  nitrogenous  compound ;  the  remainder  of  the  dry 
matter  consists  of  the  compounds  destitute  of  nitrogen,  of  which 
the  chief  constituent  is  carbon.  Now  in  column  3  there  was  no 
carbon  in  the  manure,  but  in  column  4  a  large  amount  was  pro- 
vided in  the  rape-cake,  and  notwithstanding  that  there  was  in  this 
case  nqt  only  the  same  amount  of  nitrogen  supplied  by  ammonia 
salt  as  in  column  3,  but  further,  all  that  of  the  rape-cake,  raising 
the  total  amount  to  nearly  double,  yet  the  supply  at  the  same 
time  of  carbon,  favouring  the  formation  of  non-nitrogenous  com- 
pounds, gives  a  less  proportion  of  those  which  are  nitrogenous. 

A^ain,  if  we  compare  the  mean  of  these  results  with  the  mean 
percentage  of  dry  matter  under  the  four  conditions  of  manuring, 
we  find  with  the  lowest  percentage  of  nitrogen  in  the  bulb  the 
largest  amount  of  dry  matter,  and  with  the  highest  percentage  of 
nitrogen  the  lowest  amount  of  dry  matter.  There  is  then  with 
the  highest  percentage  of  nitrogen  more  of  circulating  fluid  and 
less  of  fixed  deposited  substance  than  with  the  lowest ;  and  since 
there  was,  moreover,  not  only  a  less  matured  bulb,  but  a  less 
acreage  produce  of  it  in  a  given  time  than  where  the  nitrogenous 
supply  was  less,  we  are  led  to  infer  that  the  high  percentage 
of  nitrogen  indicates  a  relative  deficiency  of  carbonaceous  sub- 
stance, rather  than  a  favourably  increased  amount  of  nitrogen. 
Indeed,  these  results  will  confirm  the  opinion  already  urged, 
namely,  that  turnip-bulb  formation  is  very  dependent  on  an 
abundant  supply  of  carbonaceous  matter  to  the  roots,  and  that  the 
more  the  nitrogenous  condition  of  manuring  prevails  over  the 
carbonaceous,  the  more  will  vascularity  and  the  less  will  special 
deposition  be  enhanced.  Thus  the  highly  vascular  seed-forming 
turnip-plant  is  to  the  less  vascular  bulb-forming  one,  as  the  well- 
conditioned  breeding  or  working  animal  is  to  the  stall-fed  fatting 
one;  a  considerable  amount  of  nitrogenous  as  well  as  carbo- 
naceous food  is  essential  to  both  of  these ;  in  the  one  case,  how- 
ever, exercise  tends  to  consume  what  in  the  other  increases  the 
bulk  of  the  animal :  so  that  whilst  the  food  taken  may  indeed  in 
the  two  cases  be  very  similar,  yet  the  balance  of  it  re.la.meA  \w 
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the  animal  will  be  as  different  as,  in  the  cases  of  the  two  plants, 
is  attained  by  more  directly  varying  the  supply,  and  the  peculiar 
habits  of  life  and  growth  will  be  developed  accordingly. 

The  following  results  further  show  how  truly  dependent  is  the 
composition  of  the  turnip-bulb  upon  the  provision  by  manure : — 

Percentages  of  Nitrogen  iii  the  Dry  Matter  of  Turnip  Bulbs,  the  produce  of 
different  Manures. 


Plot  Numbers. 

Conditions  of  Standard  Manuring. 

Standard 
Manures 

only. 

Standard 
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and  Top- 
dressing  of 
Rape-cake. 
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2 
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217 

2*98 
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3 
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2-80 

r  3-00 

We  see  that  the  percentage  of  nitrogen  by  farm-yard  dung  is 
1*56,  which  differs  little  from  either  the  results  obtained  by 
mineral  manures  alone,  when  all  the  organic  supply  was  derived 
from  normal  sources,  or  from  the  number  observed  by  IJous- 
singault,  which  was  1*70.  The  addition  of  sulphate  of  ammonia 
to  the  farm-yard  dung,  raises  the  percentage  of  nitrogen  in  the 
bulb  from  1*56  to  2'54,  or  by  two-thirds  of  the  usually  observed 
amount  Here,  however,  we  have  in  the  manure  a  large  pro- 
vision of  carbonaceous  matter,  and,  as  before  noticed,  a  coinci- 
dently  less  percentage  of  nitrogen  than  when  there  was  ammo- 
niacal  salt  alone. 

In  the  second  line  of  the  table  we  have  some  most  interesting 
results,  consistent  with  what  have  gone  before,  and,  further,  afford- 
ing a  new  and  significant  illustration  of  the  office  of  the  turnip  as 
a  fallow-crop. 

It  will  be  recollected  that  the  average  weight  of  the  bulbs  on 
the  unmanured  plot  was,  in  this  season  of  1845,  less  than  2  oz., 
and  that  the  entire  produce  was  only  13J  cwts.  per  acre.  We 
find,  however,  that  these  stunted  bulbs  give  a  percentage  of 
nitrogen  higher  than  any  in  our  series,  even  than  those  which  had 
an  unusually  excessive  supply  by  manure,  and  twice  as  high  as 
the  amount  supposed  generally%to  exist  in  the  cultivated  bulb. 
We  may  reasonably  infer  that,  under  the  influence  of  season  and 
a  soil  reduced  to  the  lowest  conceivable  state  of  exhaustion,  as 
regards  its  fitness  for  the  growth  of  the  cultivated  turnip,  the 
natural  supply  of  nitrogen  was,  in  proportion  to  that  of  other  con- 
stituents, abundantly  available  to  the  special  accumulative  powers 
of  the  plant    In  the  same  line  we  find,  in  the  second  column, 
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that  the  supply  of  a  top-dressing  of  rape-cake  to  this  otherwise 
exhausted  plot,  raises  the  acreage  produce  of  bulb  from  13J  cwts, 
to  7£  tons,  and  the  average  weight  of  bulb  from  less  than  2  to 
Dearly  11  oz.,  and  notwithstanding  the  nitrogenous  supply  of  the 
rape-cake,  we  have,  with  its  large  provision  of  carbonaceous  sub- 
stance, the  percentage  of  nitrogen  reduced  from  3*31  to  2*17. 
Id  the  3rd  column,  where  there  is  added  to  the  natural  supplies 
of  soil  and  season  nitrogen,  but  no  carbon,  we  had  an  evidently 
unhealthy  condition ;  for  the  acreage  produce,  the  size  of  bulb, 
and  the  number  of  plants,  were  all  less  than  where  there  was  no 
manure  whatever.  Again,  with  these  unfavourable  circumstances 
of  growth  we  have  a  very  large  percentage  of  nitrogen ;  less,  in- 
deed, than  in  the  unmanured  bulbs,  but  considerably  higher  than 
when  rape-cake  alone  was  used.  In  the  4th  column  we  have  the 
same  supply  by  manure  of  carbon  and  nitrogen  as  in  column  2, 
with  the  addition,  however,  of  .the  nitrogen  as  in  column  3,  and 
we  find,  as  in  other  cases,  that  although  the  actual  supply  of 
nitrogen  is  greater  than  in  column  3,  it  being  proportionably  less, 
the  percentage  in  the  bulb  is  reduced. 

In  the  third  line  the  standard  manure  is  rape-cake,  the  extra 
dressings  being,  as  usual,  a  further  addition  of  rape-cake,  of  am- 
moniacal  salt,  or  of  both.  Comparing  the  percentage  of  nitrogen 
bj  tne  drilled  rape-cake,  as  in  column  1,  with  that  by  farm- yard 
dung,  we  find  that  the  rape-cake  gives  the  highest,  and  we  would 
suppose  the  proportion  of  nitrogen  to  carbon  would  be  greater. 
In  column  2  the  amount  of  rape-cake  being  greater,  the  per- 
centage of  nitrogen  is  greater :  the  supply  of  nitrogen  to  that  of 
carbon  is  not,  however,  greater  than  in  column  1 ;  but  we  have 
before  seen  that  a  full  quantity  of  rape-cake,  without  extra  mineral 
manure,  is  not  conducive  to  the  most  healthy  growth  of  the 
turnip-bulb;  nor  indeed  would  the  carbon  so  supplied  be  so 
completely  and  rapidly  available  as  the  nitrogen.  The  addition 
of  ammoaiacal  salt,  in  column  3,  raises  the  percentage  of  nitrogen 
from  2*23  to  2*80,  and  in  column  4,  as  compared  with  column  2, 
from  2-79  to  3  00. 

We  have  made  other  determinations  of  nitrogen  in  turnip-bulb, 
with  a  view  to  some  more  special  points,  but  as  we  cannot  discuss 
them  in  this  paper  without  extending  our  remarks  to  an  undue 
length,  we  shall  defer  notice  of  them  until  a  future  occasion. 
The  results  already  given  are,  moreover,  we  think,  sufficient  to 
&id  our  estimation  of  the  characters  of  the  turnip  as  a  food  and 
rotation  crop. 

An  important  fact  elicited  is,  that  within  a  certain  range,  which 
indeed  is  wider  than  has  generally  been  supposed,  the  organic 
composition  of  the  turnip  bears  a  very  direct  relation  to  that  of 
the  manures  by  which  it  is  grown.    It  is  seen  that  tne  y>to\k>tUoty 
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of  nitrogen  usually  found  in  the  cultivated  turnip-bulb  may  be 
nearly  doubled  by  means  of  ammoniacal  manures,  and  since  we 
have  stated  that  the  feeding  value  of  a  crop  may  to  some  extent 
be  measured  by  its  percentage  of  nitrogen,  it  might  be  supposed 
that  we  should  be  led  strongly  to  advocate  the  use  of  such  ma- 
nures in  the  growth  of  the  turnip.  Our  field  experiments  have 
already  shown,  however,  that  this  would  be  a  one-sided  inference 
from  these  departmental  results;  and  when  we  come  to  make 
some  general  application  of  our  varied  evidence  to  practical  and 
economic  agriculture,  the  true  position  and  bearing  of  the  different 
branches  of  the  question  will  be  indicated. 

We  regret  that  we  have  not  as  yet  a  sufficient  number  of  deter- 
minations of  nitrogen  in  the  turnip  leaf  to  enable  us  to  decide 
satisfactorily  whether  the  percentage  be  as  clearly  dependent  upon 
the  supply  by  manure  as  in  the  case  of  the  bulb ;  the  vigorous 
leaf  being,  however,  highly  vascular,  and  containing  much  of  the 
still  circulating  unassimilated  food  derived  from  the  soil,  we  might 
anticipate  it  would  be  so ;  but,  on  the  other  hand,  if  we  look  at 
the  bulb  as  a  reservoir  of  matters  which  are  in  excess  so  far  as  the 
natural  seed-forming  tendencies  are  concerned,  we  might  expect 
the  less  artificial  organs,  the  leaves,  would  be  more  constant  in 
their  composition.  The  following  results  will  not  assist  us  much 
in  deciding  these  questions  ;  they  are,  however,  not  without  in- 
terest : — 


Percentage  of  Nitrogen  in  the  Dry  Matter  of  Norfolk  White  Turnip  Leaf. 


Plot  Numbere. 

i 

Description  of  Manures. 

Dried 

at 
212°. 

Specimen 
dried  below 

200°,  and 
Nitrogen  cal- 
culated upon 

fully  dried 

Substance. 

1  1 

Farm-yard  dang  . . 

3*24 

3' 60 

j 2 

Unmauured  .. 

4-22 

4-35 

Here  are  given  the  results  obtained  from  specimens  of  leaf,  in 
one  instance  dried  fully  at  212°  in  the  water  bath,  and  in  another 
dried  much  below  that  temperature  ;  the  percentage  of  nitrogen  in 
this  case  being  calculated  upon  the  fully  desiccated  substance. 
The  fact  before  alluded  to,  that  succulent  specimens  frequently 
lose  nitrogen  at  212  ^  is  thus  illustrated  ;  in  one  instance  there  is 
a  defect  of  0*36,  and  in  the  other  of  0*13.  We  have  met  with  a 
similar  result  with  other  succulent  substances. 

It  will  be  remembered  that  the  turnip-leaf  was  found  to  contain 
a  proportion  of  dry  matter  more  than  half  as  large  again  as  the 
bulb ;  and  it  is  seen  that  in  the  case  of  the  dung  specimen  the  dry 
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matter  of  the  leaf  has  a  percentage  of  nitrogen  twice  as  high  as 
that  of  the  bulb.  A  given  weight  of  the  fresh  leaf  would  there- 
fore contain  more  than  three  times  as  much  nitrogen  as  an  equal 
amount  of  bulb.  Since,  however,  the  bulk  of  the  leaves  at  the 
time  the  turnip  crop  is  gathered  or  consumed  are  past  the  condi- 
tion in  which  our  picked  specimens  were  taken  for  analysis,  it 
would  be  unsafe  to  employ  these  results  for  purposes  of  acreage 
calculation ;  yet  they  are  in  other  respects  to  be  relied  upon. 

Comparing  the  characters  of  the  cultivated  with  those  of  the 
uncultivated  plants,  as  shown  by  the  analyses  which  have  been  1 
given,  we  observe  the  decrease  by  cultivation  in  the  percentage  of 
nitrogen  in  the  dry  matter  is  in  the  leaf  only  *75,  but  in  the  bulb 
175 ;  from  which,  again,  we  may  perhaps  gather  that  the  cul- 
tivated bulb  is  the  result  of  a  continued  accumulation  of  secreted 
matters,  formed  in  Quantity  beyond  the  essential  requirements  of 
the  plant  as  such :  tne  leaf,  on  the  other  hand,  containing,  besides 
its  own  special  structures  and  products,  little  more  than  those  sub- 
stances derived  from  immediate  supply, — has,  therefore,  a  com- 
position in  a  less  degree  varying  according  to  the  constant 
circumstances  of  growth,  but  comprising  a  larger  proportion  of 
unsecreted  matter. 

The  fact  that,  notwithstanding  the  large  nitrogenous  contents  of 
turnip-leaves,  they  should  only  be  to  a  small  extent  valued  as  food, 
doubtless  arises  from  the  large  amount  of  matters  which  they  con- 
tain only  brought  within  the  range  of  the  organism,  themselves  as 
yet  unorganised,  and  existing  as  saline  and  other  changeable 
fluids,  to  which  we  may  readily  attribute  a  medicinal  and  purga- 
tive, rather  than  a  direct  nutritive  effect ;  elaboration  to  some 
extent  being,  as  we  are  aware,  an  important  element  in  the  con- 
dition of  food  for  animals.  The  low  degree  of  stability  in  some 
of  the  nitrogenous  contents  of  succulent  substances,  as  indicated  in 
the  drying  process,  as  well  as  our  conceptions  of  the  offices  and 
physiological  position  of  the  different  parts  of  a  plant,  bespeak, 
indeed,  that  where  an  active  circulation  is  still  proceeding,  there 
will  be  found  not  only  the  actual  and  fixed,  but  also  the  prospec- 
tively possible  constituents,  the  latter  as  yet  only  in  a  vehicular 
condition,  and  little  influenced  by  the  selective  and  appropriative 
powers  of  the  organism.  It  is  true  that  the  varying  character  of 
the  vital  apparatus  of  different  animals  adapts  them  to  the  use  of 
vegetable  food  in  varying  degrees  and  states  of  elaboration ;  but 
there  seems  to  be  a  point  in  this  degree  of  elaboration  below 
which  constituents  lose  their  food-qualities ;  or  even,  it  may  be 
doubted  whether,  in  such  cases,  the  matters  are  not  really  as  little 
truly  vegetable  as  would  be  the  watery  extract  of  the  soil  as  it  is 
taken  up  by  the  rootlets,  and  from  the  condition  of  which  little 
deviation  has  hitherto  resulted  from  the  vital  actions  of  the  plant. 
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Such  substances,  indeed,  may  perhaps  be  considered  as  still  be- 
longing to  the  mineral  kingdom,  upon  which  animal  life  cannot 
be  sustained. 

Referring  to  the  more  special  lesson  of  the  experimental  results 
last  given,  we  notice,  that  whilst  the  leaf  grown  by  farm-yard 
dung  contains  3*60  per  cent,  of  nitrogen  in  its  dry  matter,  that 
grown  without  manure  of  any  kind  in  a  turnip-bulb  exhausted 
soil  has  4*35  per  cent. ;  and  it  will  be  remembered  the  bulbs  cor- 
responding to  these  specimens  of  leaf  give  respectively  1'56  and 
3'  31  per  cent  We  have,  then,  in  the  leaf  as  well  as  in  the  bulb, 
a  larger  proportion  of  nitrogen  in  the  more  natural  but  agricul- 
turally useless  turnip  than  in  the  cultivated  one ;  and  if  we  are 
right  in  considering  that,  within  certain  limits,  the  composition  of 
a  succulent  imperfectly  elaborated  vegetable  will  bear  some  direct 
relation  to  the  supplies  of  food  within  its  reach,  we  must  conceive 
that  there  was,  independently  of  art,  a  resource  of  nitrogen  avail- 
able to  the  uncultivated  plants  far  beyond  that  of  other  necessary 
constituents.  If,  then,  the  powers  of  reliance  upon  normal  sup- 
plies of  nitrogen  here  observed  are  to  be  fully  developed  and 
turned  to  economical  account,  it  is  more  especially  by  means  of 
an  artificial  provision  of  the  other  constituents  that  this  object 
will  be  attained. 

We  think  that  in  these  facts  we  have  a  beautiful  illustration  of 
some  of  the  physical  and  physiological  characters  upon  which 
depend,  materially  at  least,  the  economic  value  of  the  turnip  in 
rotation  with  corn.  The  true  economy  of  alternate  cropping, 
whilst,  however,  it  is  intimately  associated  with  functional  differ- 
ences, such  as  we  have  shown  to  exist  in  the  selected  plants,  yet 
depends  much  also  upon  the  destination  and  uses  of  the  produce, 
independently  of  which,  the  peculiar  accumulative  tendencies  of 
the  different  crops  could  not  be  rendered  profitably  subservient 
We  shall  not,  however,  consider  the  connexion  between  the 
various  sources  of  the  economy  of  a  rotation  of  crops,  until,  hav- 
ing detailed  all  the  evidence  which  it  is  our  intention  to  bring 
forward,  we  come  to  sum  up  and  apply  our  departmental  results 
to  the  practice  of  agriculture. 

We  shall  now  give  some  account  of  the  mineral  substances 
found  in  the  turnip.  Our  experimental  results  referring  to  this 
branch  of  the  question  are  very  numerous,  and  it  was  our  wish  to 
have  considered  them  somewhat  fully  ;  but  as  our  permitted  space 
is  already  nearly  exhausted,  we  must  defer  doing  so  until  a  future 
opportunity,  and  confine  our  remarks  on  this  occasion  to  some 
explanation  of  the  nature  of  the  subject,  and  to  indicating  the 
general  bearing  of  our  evidence  upon  the  conclusions  which  have 
been  arrived  at  in  the  foregoing  pages. 
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The  knowledge  which  we  at  present  possess  of  the  amount,  the 
composition,  and  the  office  of  the  mineral  matter  found  in  com- 
bination with  the  various  definite  organic  compounds  of  which  the 
solid  and  fixed  substance  of  a  plant  is  made  up,  is  very  limited  ;  yet 
it  is  such  as  by  no  means  leads  us  to  assign  to  all  the  constituents 
of  the  ash  of  a  crude  vegetable  product  an  essential  position  in 
the  constitution  either  of  the  parts  already  elaborated,  or  of  those 
which  would  result  from  the  continued  growth  of  the  plant.  It  is 
obvious  that  an  examination  into  the  nature  and  constancy  of  the 
circumstances  of  growth,  with  which  variations  in  the  quantity  and 
composition  of  plant-ashes  are  connected,  cannot  alone  provide  an 
explanation  of  the  uses  and  importance  of  the  mineral  substances 
in  the  plant ;  it  is,  however,  an  essential  step  in  the  inquiry,  and 
the  results  attained  by  it  must  materially  direct  and  aid  any  col- 
lateral course  of  investigation. 

In  entering  at  once  upon  this  part  of  our  evidence,  we  may 
again  state  that  we  did  not  determine  the  amount  of  dry  matter  in 
the  produce  of  the  first  two  seasons'  experiments :  we  are  unable, 
therefore,  to  give  the  percentage  of  ash  in  the  dry  matter  in  the 
specimens  of  those  two  seasons,  and  it  will  afterwards  be  seen  that 
this  particular  is  more  significant  than  that  of  the  percentage  in 
the  fresh  produce.  On  this  account,  and  as  we  wish  to  compress 
our  matter  as  much  as  possible,  we  shall  not  give  any  statement 
of  the  results  of  those  two  years,  but  only  remark  that  a  close 
examination  of  them  affords  like  conclusions  to  those  to  which 
the  third  season's  experiments  lead  us. 

The  percentage  of  ash  in  the  fresh  bulbs,  the  mean  of  the  pro- 
duce of  each  of  the  four  conditions  of  manuring,  frequently 
referred  to  before,  are  given  below. 


General  Description  of  Manuring. 


Percentage 
of  Ash  In 
Fresh  Sub- 
stance of 
**  Norfolk 
White  " 
Turnip  Bulb. 


Season  1845. — Mean  of  13  experiments  by  purely  mineral  manures 

Season  1845. — Mean  of  1 3  experiments  by  mineral  manures  and  rape- 
cake  added  

Season  1845. — Mean  of  13  experiments  by  mineral  manures  and] 
ammoniacal  salt   ) 

Season  1845.-  Mean  of  13  experiments  by  mineral  manures,  and) 
both  ammoniacal  salt  and  rape-cake   J 


0*58 
0-57 

0*61 

0-60 


These  results  are  the  actually  found  percentages  of  ash,  without 
any  deduction  for  adventitious  substances,  such  as  siliceous 
matter  and  charcoal.  The  figures  exhibit  very  slight  differences, 
such  as  could  not  justify  any  important  conclusions,  were  these 
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contrary  to  otherwise  probable  indications ;  we  find,  however,  that, 
slight  as  the  differences  are,  they  are  such  in  kind  as  other  cir- 
cumstances would  lead  us  to  anticipate ;  and  we  need  only  notice 
that  the  percentage  of  ash  is  seen  to  be  highest  where  the  nitro- 
genous condition  of  manuring  was  predominant,  and  lowest  where 
the  carbonaceous  was  more  characteristic. 

The  variations  are,  however,  more  apparent  when  the  percent- 
ages of  ash  upon  the  dry,  rather  than  upon  the  fresh,  matter 
are  given.  The  mean  percentage  of  the  dry  matter  itself,  and 
of  its  ash,  in  the  specimens  last  quoted,  and  of  the  nitrogen  in 
the  dry  matter  of  two  of  the  specimens  in  each  case,  are  here 
tabulated  : — 


General  Description  of  Manuring. 


1845.— Mean  of  13  experiments  by  purely  mineral) 

manures  J 

1845. — Mean  of  13  experiments  by  mineral  manures 

and  rape-cake  

1845. — Mean  of  13  experiments  by  mineral  manures 

and  ammoniacal  salt   ) 

1845. — Mean  of  13  experiments  by  mineral  manures  V 

and  ammoniacal  salt  and  rape-cake     . .  / 


Percentage 
of  Dry 

Matter  in 
Bulb. 


834 


7-97 


7-41 
7-48 


Percentage 
of  Ash  in 

Dry 
Matter. 


Percentage 
of  Nitrogen 
in  Dry 
Matter 
(Specimens 
Noa.9  and 
22). 


The  coincidences  here  brought  to  view  are  of  considerable 
interest,  and  clearly  show  a  constant  decrease  in  amount  of  mineral 
matter  as  the  deposition  of  solid  vegetable  substance  progresses. 
We  have  with  the  highest  proportion  of  dry,  the  lowest  proportion 
of  mineral  matter ;  and  with  the  lowest  amount  of  dry  matter,  the 
highest  of  mineral  substances ;  and  even  with  the  slight  increase 
in  dry  matter  exhibited  in  line  4,  compared  with  line  3,  we  have 
a  decrease  in  the  percentage  of  mineral  constituents.  We  can 
scarcely  fail  to  recognise  in  these  results  a  marked  distinction 
between  those  constituents  of  the  bulb  which  are  as  yet  merely 
circulatory  and  unappropriated,  and  those  which  are  secreted  and 
fixed,  the  former  being  indicated  by  a  small  amount  of  dry  matter 
and  large  amount  of  ash,  and  the  latter  by  a  large,  amount  of  dry 
matter  and  a  small  amount  of  ash. 

The  connexion  between  the  amount  of  dry  matter  and  its  per- 
centage of  ash  being  admitted,  and  that  between  the  amount  of 
nitrogen,  that  of  dry  matter,  and  the  condition  of  maturation 
having  been  pointed  out  before,  it  is  seen  that  the  views  taken 
are  fully  confirmed  by  the  relation  of  the  ash  in  the  dry  matter  to 
that  of  the  nitrogen  in  the  same.  Thus  we  have  in  the  Table, 
with  the  most  fixed  matter  and  least  nitrogen,  also  the  least  ash ; 
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ind  with  the  most  ash  and  most  nitrogen,  the  least  dry  matter. 
The  relative  tendency  to  bulbous  deposition,  or  active  vascular 
circulation,  under  carbonaceous  and  nitrogenous  manures  respect- 
ively, is  here  again  exhibited. 

It  will  be  remembered  that  the  specimens  of  turnip-leaf  which 
were  examined,  were  gathered  very  late  in  the  season — the  few 
that  could  be  selected  green  being  taken.  All  were,  however, 
far  advanced  in  stage  of  growth,  and  it  was  found  that,  whether 
owing  to  an  uniformity  in  the  stage  of  growth,  or  to  the  essential 
tendency  of  the  leaves,  as  different  from  that  of  the  bulb,  there 
was  very  little  variation  in  the  proportion  of  dry  matter,  compared 
with  that  observed  in  the  bulbs.  The  following  mean  results  will 
illustrate  this : — 


Reference  to  History  of  the  Specimens. 


Mean  of  9,  14,  18,  21,  and  22,  with  mineral  ^ 
manures  only   

Mean  of  9,  14, 18,  21,  and  22,  with  mineral  \ 
manures  and  ammouiacal  salt  . . 


|  Percentage 

of  Dry 
1    Matter  in 
|  Leaf. 

Percentage 
of  Ash 
in  Fresh 
Leaf. 

Percentage 
of  Ash  in 
Dry 
Matter. 

}|  13-73 

1-31 

952 

fl  13-31 

1*26 

9-49 

jj  12-87 

1-25 

9  72 

The  differences  here  seen  are,  as  we  have  already  implied, 
small ;  nor  are  the  results  so  undoubted  in  their  bearing  as  most 
that  have  been  quoted  ;  yet  still  we  have  with  the  smallest  amount 
of  dry  matter,  the  largest  percentage  of  ash  in  the  dry  matter. 
The  centre  column  shows  the  lowest  percentage  of  ash  in  the 
fresh  leaf  in  this  case ;  but  it  is  of  course  the  percentage  to  water •, 
rather  than  to  dry  vegetable  substance,  that  is  there  indicated. 

The  comparative  ash  results  that  have  been  given,  whether  of 
the  turnip-bulb  or  leaf,  lead  us  then  yet  again  to  draw  some  distinc- 
tions between  the  fixed  and  the  circulating  constituents  of  a  suc- 
culent plant,  and  to  trace  the  proportion  of  these  respectively  to 
the  stage  of  maturity  of  the  organ,  whilst  this  has  been  found  to 
depend  greatly  upon  the  supply  by  manure. 

Were  we  to  compare  the  composition  of  the  leaf^  as  thus  far 
shown,  with  that  of  the  bulb,  and  to  attempt  to  apply  on  all  points 
the  same  kind  of  reasoning  as  between  bulb  and  bulb,  or  leaf  and 
leaf,  we  should  at  once  meet  with  inconsistencies,  for  we  find  in 
the  earlier  product  of  the  plant — the  leaf — a  much  larger  amount 
of  dry  matter  than  in  the  later  one — the  bulb.  And  again,  with 
the  higher  percentage  of  dry  matter  in  the  leaf,  we  have  at  the 
same  time  a  much  larger  amount  of  ash  in  that  dry  matter.  Such 
comparisons  are,  however,  physiologically,  quite  inadmissible. 
Looking  at  the  question  in  another  view,  however,  we  have  attri- 
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buted  to  the  bulb,  notwithstanding  its  large  amount  of  water,  in 
some  respects  a  higher  condition  of  elaboration,  or  fixedness  in 
its  solid  constituents,  than  to  the  leaf.  We  have,  indeed,  supposed 
that  bulb  formation,  in  the  degree  in  which  it  is  developed  for 
feeding  purposes,  is  a  deposition  of  matter  existing  in  quantity 
beyond  what  is  essential  to  the  health  of  the  natural  plant,  much 
as  depositions  are  known  to  take  place  in  animals  under  some- 
what analogous  circumstances. 

The  following  comparative  statement  of  the  proportion  of  ash 
in  the  dry  matter  of  the  leaf,  the  bulb,  and  the  seed  of  the  Norfolk 
White  turnip,  will  favour  the  view  that  the  composition  of  the  bulb 
implies  a  more  advanced  selective  process  than  that  of  leaf : — 


Leaf. 

Bulb. 

Seed. 

Percentage  of  ash  in  the  dry  matter  of 

9-5 

6'9 

4-5 

There  is  then,  comparing  one  organ  with  another,  as  well  as 
different  specimens  of  the  same  organ,  a  diminution  in  the  pro- 
portion of  the  mineral  to  the  organic  constituents  of  the  plant  the 
further  we  advance  towards  the  matured  results  of  the  vital  process. 
It  is  true  that  even  in  the  seed  the  amount  of  mineral  substances 
is  greater  than  our  conceptions  regarding  the  composition  of  the 
definite  compounds  of  which  it  is  made  up  would  alone  have  led 
us  to  anticipate ;  but  numerous  experiments  with  wheat  grain 
show  that,  however  small  may  be  the  differences  exhibited  in  a 
series  of  specimens  which  can  be  compared  with  each  other  in  this 
respect,  yet  they  will  indicate  the  less  percentage  of  ash  in  the 
dry  matter  the  higher  the  percentage  of  the  dry  matter  itself — 
that  is  to  say,  the  more  completely  ripening  processes  have  been 
developed.  An  excess  of  mineral  matter  in  any  such  case  may  to 
some  extent  therefore  be  owing  to  an  increased  proportion  of 
vascular  contents  to  perfectly  elaborated  substance. 

Admitting  that  the  mineral  substances  found  in  the  leaves  of 
the  turnip  and  of  other  plants  are  such  in  variety  and  in  amount 
that  we  cannot  suppose  them  to  be  all  destined  to  enter  into  com- 
bination, and  actually  to  constitute  a  portion  of  the  fixed  and 
essential  formations  of  the  plants,  yet  their  presence  within  it  is 
not  on  that  account  quite  inexplicable.  The  experiments  of  De 
Saussure  and  others  show  that  the  rootlets  of  a  plant  take  up  the 
dissolved  substances  presented  to  them,  exercising  but  little  of 
selective  power,  whilst  such  as  they  have  is  rather  of  a  mechanical 
than  of  a  more  purely  vital  kind.  It  is  not  to  be  wondered  at, 
then,  that  the  composition  of  the  ash  of  highly  vascular  vegetable 
substances  should  exhibit  a  wide  range  of  difference,  according  to 
climate,  manuring,  and  soil.    In  such  cases  a  large  proportion  of 
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the  mineral  matters  are  distributed,  not  as  constituents  of  the 
organized  substance  of  the  plant,  but  in  its  vessels  and  fluids, 
owing  their  quantity  and  character,  to  a  great  extent,  to  the  ex- 
ternal influences  just  referred  to,  but  little,  comparatively,  to  the 
selective  processes  of  the  organism. 

The  following  mean  results  of  analysis  seem  to  show  that  the 
more  the  truly  vital  processes  have  been  exercised,  the  more 
tpecial  does  the  composition  of  the  mineral  matter  become : — 


Leaf  Ash. 

Bulb  Ash. 

Mean  of  24 
Analyses  by 
Mr.  0. 
Campbell. 

"m  Mean  of  24 
Analyses  by 
Dr.  Gilbert. 

Chloride  of  potassium 

Soda  

Chloride  of  sodium 

22-05 
4-84 
0-19 
6-15 

30*53 
0-82 
5>05 

12-55 

17-82 

44*84 

0-  34 

1-  79 

6-  86 
11*40 

146 

7-  89 
10-63 
14-79 

100-00 

100-00 

These  results  being  the  mean  of  so  many  analyses  as  twenty-four 
in  each  case,  the  general  character  of  the  distinctions  they  exhibit 
may  be  fully  relied  upon.  It  is  to  be  regretted  that  we  have  not 
an  actual  analysis  of  the  ash  of  the  seed  of  the  Norfolk  White,  to 
place  by  the  side  of  those  of  the  leaf  and  of  the  bulb.  We  know, 
however,  that  phosphoric  acid,  potass,  and  magnesia  are  eminently 
seed-ash  constituents,  and  that  the  existence  of  the  vehicular  ele- 
ment, chlorine,  in  a  perfectly  ripened  seed  is  doubtful.  The  in- 
crease in  the  percentage  of  the  more  special,  and  decrease  in 
that  of  the  less  special  constituents,  is  clearly  shown  in  the  results 
given  above,  as  we  proceed  from  the  earlier  formation  to  the  later 
one,  the  composition  of  which  is  more  influenced  by  the  peculiar 
elaborative  action  of  the  organism.  Of  the  soda  salts,  indeed, 
the  actual  amount  is  somewhat  larger  in  the  bulb  than  in  the  leaf, 
but  their  proportion  to  the  potass  ones  is  much  less. 

It  has  been  observed  that  the  ash  analyses  of  green  crops  seem 
to  afford  confirmation  of  the  much  discussed  theory  of  the  substi- 
tution of  potass  by  soda  in  plants,  but  that  those  of  grain  crops, 
on  the  other  hand,  do  not  serve  the  same  purpose.  It  seems  to 
os,  however,  that  if  in  green  and  succulent  substances,  in  which 

*  In  the  analysis  of  the  leaf  and  bulb  ash,  the  phosphoric  acid  is  calculated  from 
the  bone-earth  precipitate,  taking  no  account  of  the  small  quantity  of  iron  salt 
araally  present. 
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there  exists  a  considerable  amount  of  matter  admitted  by  the 
roots,  with  but  little  of  special  selective  power,  the  proportions  of 
potass  and  soda  may  vary  according  to  the  variations  in  the  soluble 
contents  of  the  soil,  but  the  further  we  advance  towards  the  ulti- 
mate results  of  the  organism,  the  larger  is  the  proportion  of  potass 
to  soda ;  there  is  in  such  a  fact  evidence  against  the  supposition 
that  the  vegetable  organism  can  substitute  the  one  alkali  for  the 
other,  for  in  the  case  assumed  soda  would  seem  to  be  present 
only  before  the  vital  selective  processes  had  been  exercised  upon 
the  matters  brought  within  their  sphere  of  influence.  If,  then, 
the  theory  referred  to  suppose  a  replacement  of  potass  by  soda, 
as  an  actual  constituent  of  vegetable  products,  we  think  that  facts 
hitherto  observed  are  such  as  should  tend  to  disprove  rather  than 
to  prove  its  validity.  On  the  other  hand,  we  may  well  believe 
that  the  large  amount  of  mineral  matters  admitted  into  a  plant, 
beyond  that  which  is  likely  to  become  fixed  and  combined  with 
its  structures  or  deposits,  has,  nevertheless,  some  office  to  perform. 
We  know  too  little,  however,  of  the  means  employed  by  the  vital 
processes  to  enable  us  to  assign  special  agencies  to  special  sub- 
stances ;  yet  the  presence  of  mineral  matters  not  actually  to  take 
part  as  constituents,  is  by  no  means  improbably  of  essential  im- 
portance in  determining  the  changes  to  which  the  circulating  juices 
of  the  plant  are  subject ;  nor  is  it  impossible  that  in  such  an  office 
as  this  soda  may  substitute  potass,  and  one  acid  another,  that  is 
to  say,  as  agents,  if  not  as  constituents.  It  is,  indeed,  only  by  sup- 
posing some  other  requirement  in  the  plant  than  that  of  mere  pro- 
vision of  actual  constituents,  that  we  can  in  any  degree  account, 
either  for  the  extraordinary  effects  which  a  large  supply  of 
mineral  substances  is  in  some  cases  found  to  produce,  or  for  its 
possession  of  the  power  by  virtue  of  which  so  large  an  amount  of 
such  substances  is  taken  up  by  its  roots  and  distributed  through- 
out its  living  organs. 

It  was  our  intention  to  bring  forward  many  more  results,  both  of 
the  field  and  laboratory,  relating  to  the  important  subject  of  root- 
culture,  had  our  space  permitted  it.  We  have  still  eighty  analyses 
of  ashes  obtained  from  turnips,  the  history  of  the  growth  of  which 
is  detailed  in  this  paper.  It  would  also  have  been  advantageous 
to  give,  in  less  technical  language,  a  short  summary  of  the  results 
arrived  at  in  the  course  of  these  experiments,  for  the  convenience 
of  those  readers  who  are  more  conversant  with  practical  than  with 
scientific  agriculture.  Having,  however,  through  the  kindness  of 
the  Journal  Committee,  already  extended  our  article  to  a  length 
beyond  what  is  usually  allotted  to  contributors,  we  must  conclude 
with  a  brief  explanation  of  the  means  to  be  employed  in  the  pro- 
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Stable  cultivation  of  roots,  and  of  the  peculiar  properties  which 
they  possess,  and  which  constitute  their  value  as  fallow-crops. 

A  practical  farmer,  accustomed  to  consume  his  turnips  upon  his 
land  every  fourth  or  fifth  year,  might  be  inclined  to  doubt  the 
correctness  of  any  conclusions  drawn  from  a  set  of  experiments  so 
artificial  as  the  removal  of  five  successive  crops  of  turnips  from 
the  same  field.  It  should  therefore  be  distinctly  understood  that 
the  object  of  these  experiments  is  not  to  provide  any  examples  for 
direct  imitation  in  practice,  but  to  enable  us  to  ascertain  the  real 
characters  of  season,  soil,  and  manuring  required  for  the  growth 
of  the  turnip,  in  order  that,  the  principles  of  its  culture  being 
better  understood,  the  practice  of  it  may  be  more  economically 
carried  out 

In  our  experiments  upon  wheat,  given  in  the  last  number  of 
this  Journal,  we  showed  that  the  produce  of  grain,  beyond  that 
which  the  soil  and  season  gave  in  successive  years,  was  de- 
pendent upon  the  supply  of  nitrogen  ;  that  100  lbs.  of  rapecake, 
containing  5  lbs.  of  nitrogen  and  80  to  90  lbs.  of  carbonaceous 
matter,  gave  no  greater  increase  of  corn  than  a  salt  of  ammonia 
containing  5  lbs.  of  nitrogen  and  no  carbonaceous  matter ;  and 
that  the  produce  from  14  tons  of  farm-yard  dung  upon  the  same 
space  of  ground  year  after  year  was  invariably  less  than  that 
which  was  obtained  from  2  cwts.  of  ammoniacal  salts.  The  farm- 
yard dung  and  rape-cake  increased  the  produce  of  grain  in  pro- 
portion to  the  amount  of  nitrogen  which  they  contained  ;  but  as 
the  rape-cake  contains  only  5  per  cent,  of  nitrogen,  and  dung 
frequently  not  a  J  per  cent,  or  one  pound  in  200,  to  what  pur- 
pose can  this  bulk  of  carbonaceous  matter  be  applied  ?  As  long 
is  corn  is  cultivated,  it  is  evidently  of  little  use. 

Our  experiments  upon  turnips  answer  this  question  in  a  most 
satisfactory  manner.  They  show  distinctly  that  the  produc- 
tion of  turnip-bulb  depends  upon  the  supply  of  carbonaceous 
matter  in  the  soil,  and  that  the  true  office  of  the  turnip  and 
other  root-crops  consists  in  converting  the  otherwise  useless 
refuse  of  our  corn-crops  (straw)  into  a  succulent  and  nourish- 
ing food  for  animals.  During  the  five  years  over  which  our 
turnip  experiments  have  been  carried,  in  only  one  instance 
has  die  acreage  weight  of  bulbs  reached  17  tons.  We  know 
that  the  mineral  matter  required  by  the  turnip  has  not  been 
deficient,  and  in  many  instances  very  large  quantities  of  nitrogen 
have  been  supplied  ;  but  the  essential  substance,  carbonaceous 
matter,  required  for  bulb-formation,  has  been  but  moderately 
supplied  in  the  form  of  rape-cake  ;  in  one  instance,  where  it  was 
supplied  in  a  larger  quantity  by  dung,  the  greatest  produce  was 
obtained.  Having,  therefore,  shown  that  to  obtain  heavy  crops  of 
bulbs,  large  amounts  of  carbonaceous  matters  should  be  sullied 
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to  the  soil,  and  that  dung  is  the  cheapest  source  of  this  substance, 
the  question  next  arises,  What  are  the  best  substitutes  for  it? 

Dung  is  an  article  in  which  our  farm-yards  are  very  apt  to  be 
deficient.  It  might  be  supposed  that  if  sufficient  carbonaceous 
matter  were  once  accumulated  upon  a  farm  exporting  only  com 
and  meat,  the  loss  in  these  two  products  would  not  be  greater 
than  would  be  supplied  in  return  by  the  atmosphere ;  but  the  ex- 
periments of  Boussingault  and  Dr.  R.  D.  Thomson  show  that 
the  amount  of  such  matter  respired  by  an  animal,  and  therefore 
lost  to  a  farm,  is  very  great ;  indeed  we  should  not  be  far  wrong 
if  we  said  that  in  feeding  a  crop  of  turnips  by  stock  one-half  of  the 
carbonaceous  matter  in  it  is  lost  to  the  farm.  To  restore  the  loss 
of  organic  matter  most  economically,  various  processes  are  recom- 
mended :  some  advocate  the  consumption  of  artificial  food  with  the 
turnip ;  some  the  employment  of  ammoniacal  manures  in  order 
to  collect  carbon  from  the  atmosphere  ;  and  some  maintain  that 
if  the  mineral  substances  composing  the  ash  of  the  turnip  were 
restored  to  the  soil,  it  could  supply  itself  with  organic  matter. 

To  commence  with  the  mineral  manures  : — Analysis  has  shown 
that  a  great  portion  of  the  ash  of  the  turnip  consists  of  the  alkalies, 
potass  and  soda,  and  of  magnesia — and  these  substances  have 
been  recommended  in  the  formation  of  mineral  manures ;  we 
think,  however,  that  a  careful  examination  of  the  position  which 
the  turnip-crop  holds  in  a  rotation,  and  the  manner  in  which  its 
organic  and  inorganic  matters  are  applied  in  farm  practice,  will 
show  that  the  artificial  supply  of  alkalies  can  rarely,  if  ever,  be 
advocated.  A  fair  crop  of  turnips  would  contain  in  leaf  and  bulb 
about  one  ton  and  a-half  of  dry  matter,  of  which  250  lbs.  would 
consist  of  minerals.  Omitting  those  minerals  which  are  of  less 
importance  to  consider  here,  we  may  take  the  composition  of 
the  crop  as  follows  : — 

Dry  organic  matter   3110 

Potash.   127 

Phosphate  of  lime    50 

Sulphate  of  lime   40 

Of  the  organic  matter,  more  than  one-half  of  the  carbon,  but 
probably  scarcely  one-fourth  of  the  nitrogen,  is  lost  to  the  farm 
by  the  respiration  and  increase  of  the  stock.*  The  amount  of 
phosphate  of  lime  removed  would  vary  greatly  with  the  nature  of 
the  stock  consuming  the  turnips.  A  breeding  flock  or  young 
growing  animals  abstract  large  quantities  to  be  employed  in  the 
production  of  bone,  while  full-grown  animals  require  very  much 
less.  Of  the  alkalies  contained  in  the  ash  of  the  turnip  the 
stock  return  to  the  soil  nearly  all  they  take  up.    Barley  generally 


*  This  retention  upon  the  farm,  of  nitrogen  specially,  demands  more  notice  than 
our  space  permits. 
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follows  after  turnips,  the  greater  part  of  the  corn  being  taken  to 
market  A  crop  of  40  bushels  carries  off  phosphoric  acid  equal 
to  about  28  lbs.  of  phosphate  of  lime,  and  9  lbs.  of  potash.  The 
clover  following  the  barley,  being  consumed  by  stock,  causes  a 
further  loss  to  the  farm  of  organic  matter  and  phosphate  of  lime, 
but  of  little  or  no  alkalies  ;  while  the  wheat-grain  removes  about 
12  lbs.  of  potash  and  30  lbs.  of  phosphates. 

We  see,  therefore,  that  much  of  the  organic  matter  of  the 
turnip  is  lost  to  the  farm  by  respiration,  and  the  phosphate 
of  lime  largely  in  the  formation  of  bone  ;  while  the  export  of 
potash  is  so  small  that  the  quantity  contained  in  one  acre  of  turnips 
would  not  be  entirely  exported  under  twenty  years.  It  is  clear, 
then,  that  unless  by  actual  waste,  there  is,  under  an  ordinary  course 
of  farming,  without  the  use  of  imported  food,  a  comparatively 
imall  decrease  in  the  amount  of  available  alkalies  in  the  soil ;  but 
when  we  consider  the  vast  amount  of  alkalies  existing  in  the  soil 
itself,  and  set  free  by  annual  decomposition,  and  that  in  every 
well-cultivated  farm  there  will  be  a  considerable  quantity  imported 
in  cattle  food,  there  can  be  little  doubt  that,  under  ordinary  cir- 
cumstances, the  available  alkalies  accumulate  in  the  soil.  It  may 
be  further  remarked,  that  in  our  experiments  the  alkalies,  in 
whatever  form  we  applied  them,  were  always  injurious  to  the 
rigorous  growth  of  the  young  plant.  Although  the  export  of 
phosphate  of  lime  from  a  farm  is  very  much  larger  than  that  of 
the  alkalies,  the  continual  use  of  it  as  a  manure  for  the  turnip-crop 
could  not  be  advocated  upon  the  ground  of  mere  exhaustion ;  for 
it  could  be  proved  that  where  the  supply  of  it  to  the  turnip-crop 
during  successive  years  has  been  much  greater  than  what  has  been 
removed  in  produce,  the  effects  of  further  applications  were 
equally  successful. 

We  are  therefore  inclined  to  limit  the  economical  application 
of  mineral  manures  to  phosphate  of  lime  alone,  and  even  then  in 
most  cases  it  is  employed,  not  as  an  element  of  which  the  soil 
generally  is  deficient,  but  as  an  agent  for  promoting  to  a  remark- 
able degree  the  early  and  vigorous  development  of  the  young 
plant  within  a  limited  range,  and  carrying  it  with  rapidity  over 
those  stages,  any  delay  in  which  is  attended  with  great  injury, 
and  often  with  the  destruction  of  the  whole  crop. 

The  sources  of  phosphate  of  lime  are  guano,  bones,  and  the 
compound  of  phosphates  and  sulphuric  acid,  called  superphos- 
phate of  lime.  The  latter  manure  is  the  form  which  is  found 
to  produce  the  greatest  effect  upon  the  young  plant,  and  espe- 
cially upon  the  development  of  a  large  amount  of  fibrous  roots. 
Although  strongly  acid,  it  may  be  drilled  with  the  seed  without 
the  slightest  injury  to  it 

It  must,  however,  be  clearly  understood  that  the  WW  ot 
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agricultural  crop  of  turnips  depends  materially  upon  the  amount 
of  organic  matter  contained  in  the  soil,  without  which  the  deve- 
lopment of  the  power  of  growth  by  means  of  the  phosphate 
will  be  unavailing.  The  first  application  of  a  mineral  phos- 
phate is  liable  to  produce  heavier  crops  of  turnips  than  those 
which  follow,  unless  the  carbonaceous  matter  taken  from  the 
soil  by  the  turnips,  and  lost  by  the  respiration  of  the  stock  con- 
suming them,  has  been  made  up  by  imported  cattle  food.  Rape- 
cake,  as  containing  a  large  amount  of  organic  matter,  is  an 
admirable  manure  for  the  turnip  as  a  substitute  for  farmyard 
dung  ;  it  may  be  employed  in  conjunction  with  superphosphate 
of  lime — the  former  being  sown  broadcast,  and  the  latter  drilled 
with  the  seed. 

Peruvian  guano,  which  contains  a  large  quantity  of  am- 
monia as  well  as  phosphates,  is  found  to  be  a  much  more 
certain  manure  for  turnips  in  Scotland,  where  the  fall  of 
rain  is  large,  than  in  those  parts  of  England  where  it  is  much 
less.  Indeed,  the  natural  agencies  of  season  are  much  more 
favourable  to  the  growth  of  turnips  in  Scotland  and  the  north 
and  west  of  England  than  in  the  eastern  counties,  where  the  ap- 
plication of  skill  and  capital,  upon  a  soil  well  suited  to  the  plant, 
has  gained  for  them  a  high  reputation.  In  the  south  of  England, 
and  wherever  the  comparatively  small  amount  of  rain  that  falls 
renders  the  production  of  the  turnip-crop  uncertain,  the  cultiva- 
tion of  the  mangold-wurzel  might  be  extended  with  considerable 
advantage  :  it  can  be  sown  sufficiently  early  in  the  spring  to  enable 
it  to  extend  its  roots  deep  in  the  soil  before  the  dry  weather  sets 
in,  it  is  not  liable  to  injury  from  insects,  and  it  is  capable  of  pro- 
ducing a  larger  amount  of  solid  food  than  any  other  crop  in  a 
rotation.  The  objection  raised  against  it  as  an  exhausting  crop 
arises  partly  from  the  small  amount  of  produce  which  it  yields 
from  a  given  weight  of  manure  compared  with  turnips  ;  but  as 
the  percentage  of  dry  matter  is  greater,  the  objection  may  not  be 
valid.  The  following  Table  shows  the  amount  of  dry  matter 
contained  in  various  root-crops  grown  this  season  upon  Rotham- 
sted  Farm  under  ordinary  cultivation  : — 

of  dry  matter  in  Long  Red  Mangold-wurzel      ..  12*7 

Yellow  Globe      „         ..     ..  11*34 

„  Common  Swede  (name  unknown)  12*2 

„  Skirving's  Swede,  purple  top  ..  9*4 

t,  „        green  top     ..  9*4 

„  Green  common  Turnip     ..  7*9 

Norfolk  White   7  83 

We  see  by  this  table  that  10  tons  of  mangold-wurzel  contain  as 
much  dry  matter  as  15  tons  of  white  turnips,  and  that  the  dif- 
fvreuve  in  bulk  between  a  crop  of  Skirving's,  compared  with  one 
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of  the  older  sorts  of  swedes,  is  due  to  the  difference  in  the  pro- 
portion of  the  water.  That  the  soil  on  this  farm,  although  not  a 
turnip  soil,  is  capable  of  producing  good  root>-crops,  under  a  proper 
supply  of  manure,  may  be  inferred  from  the  fact  that  this  year, 
which  is  anything  but  a  good  turnip  season,  an  acre  of  swedes 
was  weighed,  the  bulbs  of  which  gave  20  tons  10  cwts. ;  number 
of  plants  per  acre,  20,120 ;  average  weight,  2  lbs.  3  oz.  Ten  of 
the  largest  were  found  to  weigh  112  lbs. 

We  found  in  our  experiments  that  the  usual  percentage  of 
nitrogen  could  be  nearly  doubled  by  the  use  of  ammoniacal 
manures;  but  we  do  not  recommend  the  general  direct  use  of 
sach  manures  for  turnips,  notwithstanding  that  the  value  of  our 
produce  as  food  depends  much  upon  the  percentage  of  nitrogen 
it  contains. 

On  some  future  occasion  we  shall  endeavour  to  show  that, 
excepting  rape-cake,  the  manures  in  the  market  containing  nitro- 
gen are  more  advantageously  employed  for  clover,  and  other 
crops  of  the  like  kind,  than  in  any  other  place  in  the  rotation. 

fif  a  proper  quantity  of  imported  food  be  consumed  upon  a 
farm,  the  direct  supply  of  nitrogen  to  the  turnip  crop  by  means  of 
artificial  manures  will  certainly  not  be  necessary.  An  excess  of 
nitrogen  in  the  soil  produces  too  large  a  proportion  of  leaf,  and 
too  little  tendency  to  form  bulb.  It  is  true  that  a  crop  of  turnips 
having  a  large  proportion  of  leaf  will  give  a  larger  amount  of 
manure  to  the  land ;  but  its  yield  of  food  will  be  comparatively 
small.  But,  since  the  manure  obtained  in  such  a  case  previously 
existed  in  the  soil,  the  economy  of  the  crop,  even  so  far  as  its 
manuring  influence  is  concerned,  may  be  doubted.  In  fact,  so 
far  as  our  experiments  upon  this  subject  enable  us  to  judge,  we 
believe  that  where  the  supply  of  nitrogen  to  the  soil  is  very  great, 
the  amount  of  it  collected  from  the  atmosphere  is  less,  and  thus  a 
part  of  the  benefit  of  the  crop  would  be  lost  All  the  specimens 
in  which  we  found  a  high  percentage  of  nitrogen  were  those  in 
which  there  was  a  great  development  of  leaf  with  a  compara- 
tively small  tendency  to  form  bulb ;  and  we  believe  that  the  high 
percentage  was  due  to  a  deficient  accumulation  of  carbon  by  the 
plant  Whilst,  then,  a  high  percentage  of  nitrogen  may  indicate 
an  abundance  of  it  in  the  soil,  the  growth  of  the  plant  has  been 
in  other  respects  defective.  It  is  probable  that  the  full-grown 
bulb  of  such  a  plant  as  has  only  a  due  proportion  of  leaf  will  sel- 
dom have  a  percentage  of  nitrogen  much  higher  than  that  which 
has  been  usually  observed ;  for  with  an  increased  supply  of  nitro- 
gen there  is  an  excessive  production  of  leaf,  and  a  bulb  which, 
though  richer  in  nitrogen,  is  not  profitably  developed.  There  is, 
however,  a  casual  advantage  in  having  a  somewhat  full  supply  of 
nitrogen  in  the  soil  for  those  of  our  turnips  which  axe  to  e&tea 
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late  in  the  season ;  for  the  plants  so  grown,  whilst  they  may  have 
a  less  favourable  proportion  of  bulb,  yet,  owing  to  the  increased 
vitality  and  hardiness  which  result  from  the  nitrogenous  ma- 
nure, the  bulb  is  better  fitted  to  stand  the  winter  temperature 
without  injury.  A  sufficient  importation  of  food  for  stock  will, 
however,  render  the  purchase  of  nitrogenous  manures  for  the 
turnip  crop  quite  unnecessary ;  but  where  such  manures  are  em- 
ployed, rape-cake  will  be  found  to  afford  a  sufficient,  and  in  other 
respects  the  most  advantageous,  means  of  supply. 

Lastly,  it  must  not  be  forgotten  that  the  tillage  of  the  soil  con- 
stitutes a  most  essential  element  in  turnip  culture;  and  that  he 
who  sows  his  turnip-seed  upon  a  badly-cultivated  soil  is  only 
throwing  away  his  time  and  money.  The  naturally  light  and 
porous  nature  of  a  turnip  soil  points  out  what  are  the  require- 
ments of  these  plants  ;  and  when  the  necessary  degree  of  tilth  has 
been  obtained,  and  the  seed  sown,  the  introduction  of  air  beneath 
the  surface  of  the  soil  by  means  of  the  horse  and  hand-hoe  cannot 
be  too  frequent ;  for  it  is  useless  to  place  a  large  amount  of  dung 
in  the  soil  to  be  converted  into  the  substance  of  the  turnip,  unless 
the  free  action  of  the  air  is  provided  for  at  the  same  time,  by 
which  alone  the  decomposition  of  the  dung  can  be  effected. 

J.  B.  Lawes. 

Bothamsted,  November,  1847. 


Note. — In  placing  my  name  to  this  article,  I  must  observe  that  whatever 
merit  may  be  assigned  to  it  is  mainly  due  to  the  skill  and  talents  of  Dr. 
Gilbert,  upon  whom  the  responsibility  attending  the  investigation  has  devolved. 
Those  who  have  endeavoured  to  conduct  with  accuracy  only  a  few  experiments 
in  agriculture  will  be  capable  of  forming  some  estimate  of  the  labour  which  so 
extensive  a  series  requires. — J.  B.  L. 
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Of  the  several  natural  orders  of  plants  which  yield  food  to  man, 
or  to  the  animals  destined  for  his  consumption,  or  other  use,  per- 
haps the  most  important,  both  as  to  the  extent  of  their  distribu- 
tion and  the  amount  of  the  products  they  supply,  are  the  Gra- 
ninacecB  and  the  Leguminosce.  There  are  others,  however,  to 
which  we  are  indebted  for  the  roots  and  tubers,  the  extended 
cultivation  of  which,  in  alternation  with  corn,  so  prominently 


of  the  most  important  of  our  fodder-plants,  such  as  Clover,  Tre- 
foil, Vetches,  and  others.  The  Graminaceous  family,  on  the 
other  hand,  supplies  us  with  Wheat,  Barley,  Rye,  Oats,  Rice, 
Maize,  the  Sugar  Cane,  and  others,  besides  the  natural  grasses 
of  oar  meadows  and  pastures. 

Between  these  two  great  natural  orders  of  plants  there  are, 
however,  many  striking  and  obvious  points  of  contrast  as  to 
habits,  structure,  and  products,  whilst  the  vastly  different  posi- 
tions allotted  by  experience  to  the  individuals  which  they  respec- 
tively comprise  in  a  system  of  alternate  cropping,  are  such  as 
dearly  to  indicate  that  the  resources  of  their  growth  are  also 
widely  different ;  and  it  has  been  maintained  that  an  explanation 
of  them  is  mainly  to  be  found  in  the  varying  mineral  composition 
of  the  crops.  The  scattered  observations,  however,  of  many  ex- 
perimenters, and  some  of  not  very  recent  date,  would  seem  to 
favour  an  opposite  view  of  the  question,  and  the  vastly  accumu- 
lating published  results  of  the  last  few  years  lend  an  ample  con- 
firmation in  the  same  direction. 

For  our  own  part,  an  extensive  and  systematic  series  of  experi- 
ments, conducted  both  in  the  field  and  in  the  laboratory,  leaves 
°°t  a  doubt  in  our  mind  that,  in  the  ordinary  practice  of  agricul- 
ture in  Great  Britain,  the  exhaustion  which  is  suffered  is  promi- 
nently connected  with  a  deficiency  of  "organic"  or  \>T\m*rib] 
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atmospheric,  rather  than  the  "mineral"  or,  more  properly, 
^//-constituents ;  and  especially  that  the  supply  of  nitrogen, 
relatively  to  other  constituents,  is  defective.  We  have  already, 
in  the  *  Journal  of  the  Royal  Agricultural  Society,'  indicated 
some  striking  facts  bearing  upon  this  point,  in  the  discussion  of 
the  results  of  some  of  our  experiments  upon  the  growth  and 
composition  of  Wheat  and  of  Turnips.  Beans,  Peas,  and  Clover, 
as  the  types  of  the  agricultural  plants  of  the  Leguminous  family, 
have  also  been  the  subjects  of  experiment  for  several  years  past, 
and  we  hope  before  long  to  complete  the  results  for  publication. 

Besides  the  experiments  of  a  more  purely  agricultural  scale 
and  character,  however,  it  was  thought  that  the  explanation  of 
the  alternation  of  crops  would  materially  be  aided  by  any  addi- 
tional information  as  to  the  characteristic  qualitative  and  quantita- 
tive functional  actions  of  some  of  the  plants  which  ordinarily  find 
a  place  in  rotation.  With  this  view,  it  was  sought  to  ascertain, 
as  in  some  degree  a  measure  of  the  activity  of  the  processes  of  the 
plants,  the  amount  of  water  passed  through  those  belonging  to 
different  natural  orders,  and  holding  different  positions  in  rota- 
tion, both  as  compared  one  with  another,  and  in  reference  to  the 
quantitative  fixation  in  the  plants  of  several  of  their  more  im- 
portant constituents,  having  regard  also,  as  far  as  was  practicable, 
to  the  source  of  these  constituents — that  is  to  say,  as  to  whether 
they  were  derived  from  the  soil  or  from  the  atmosphere. 

The  experiments,  as  thus  far  proceeded  with,  however,  can  be 
considered  as  little  more  than  initiative,  especially  so  far  as  the 
demonstration  of  those  important  agricultural  problems,  for  the 
elucidation  of  which  they  have  mainly  been  designed,  is  con- 
cerned :  were  it  otherwise,  indeed,  the  pages  of  this  Journal 
would  not  be  deemed  the  fittest  medium  for  the  publication  of 
results  of  more  purely  agricultural  interest.  The  facts,  already 
obtained,  however,  are  not  without  interest  to  the  botanist  and 
the  vegetable  physiologist;  and  it  is  as  a  contribution  to  the 
scanty  information  already  at  command,  on  the  subject  of  the 
amount  of  water  given  off  during  the  growth  of  plants,  that  these 
results  are  arranged  and  presented  to  the  reader.  It  will  never- 
theless be  seen,  that  they  provide  some  important  and  interesting 
indications  in  reference  to  the  more  special  object  of  our  investi- 
gation, and  at  the  same  time  afford  some  useful  suggestions  for 
its  future  conduct 

In  deciding  upon  the  method  of  procedure,  the  choice  seemed 
to  be  between  such  experiments  as  would  yield  somewhat  rapid, 
and  in  some  points,  perhaps,  more  direct  information,  though  at 
the  cost  of  the  health  and  perhaps  matured  growth  of  the  plant, 
on  the  one  hand,  and  a  closer  imitation  of  the  usual  circumstances 
of  growth  on  the  other — by  which,  however,  inferences  rather 
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than  demonstration  might  be  elicited.  The  latter  course  was 
chosen,  more  especially  as  there  are  well-conducted  experiments 
of  the  former  kind  on  record,  which  it  was  thought  might  serve 
to  check  or  confirm  some  conclusions  which  our  own  results, 
taken  alone,  might  be  held  not  fully  to  justify. 

It  was  considered  important  to  provide  such  conditions  for  the 
plants  as  should  enable  them  to  live  and  mature  their  seed,  if 
such  were  the  product  for  which  they  were  usually  cultivated — 
an  end  not  very  easily  accomplished  in  the  case  of  plants  growing 
through  a  period  of  several  months,  and  requiring  an  accurate 
registry  of  the  water  passing  through  them.  This  wgts  not,  in- 
deed, in  every  case  satisfactorily  attained,  as  will  be  explained 
farther  on.  But  if,  from  this  cause,  any  otherwise  general  indi- 
cations should  seem  to  be  opposed  by  figures,  at  first  sight,  dis- 
crepant, a  little  further  consideration  may  perhaps  show  that,  if 
these  are  coincident  with  irregularities  of  growth  and  maturation, 
they  may  be  taken  rather  as  confirmations  than  as  contradictions 
of  any  conclusions  to  which  the  results  of  the  more  naturally 
developed  plants  might  lead  us.  We  shall,  however,  submit  to 
the  reader  a  sufficient  description  both  of  the  methods  of  experi- 
menting, and  of  the  results,  as  they  were  actually  obtained, 
whether  numerically  or  by  observation  merely — leaving  him, 
therefore,  in  a  position  to  judge  of  the  value  of  any  suggestions 
we  may  offer,  whilst  the  experience  thus  far  attained  will,  it  is 
expected,  enable  us  to  avoid  in  future  some  of  the  irregularities 
complained  of,  and  the  results  then  supplied  will  serve  amply  to 
confirm  or  correct  any  inferences  at  present  hazarded. 

The  plants  selected  for  experiment  were  Wheat  and  Barley, 
of  the  natural  order  Graminaceae ;  with  Beans  and  Peas  as  Corn- 
plants,  and  Clover  as  a  Fodder-plant,  from  the  Leguminosae — 
these  several  plants,  moreover,  occupying  somewhat  important 
and  characteristic  positions  in  a  course  of  rotation.  A  Boot- 
crop  would  also  have  been  taken,  but  for  the  great  and  manifest 
difficulties  of  arranging  the  experiment.  These  we  hope  to 
overcome,  however,  in  the  coming  season. 

The  main  desiderata  in  the  arrangement  of  the  experiments 
were — 

To  provide  the  plants  with  soils  of  some  known  history  and 
composition  or  resources,  and  in  quantities  sufficient  to 
allow  of  a  natural  development  of  the  roots. 

To  prevent  any  serious  amount  of  evaporation  from  the  soil 
other  than  through  the  plants  themselves. 

To  have  the  means  of  supplying  weighed  quantities  of  water 
to  the  soils  as  it  was  needed. 

To  determine  by  the  balance  the  amount  of  water  given  off 
by  the  plant  within  any  desired  period  of  observation. 
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To  determine  the  total  amount  of  water  passed  through  the 
plant  during  the  entire  period  of  its  growth  ;  and  in  rela- 
tion to  this,  the  amounts  of  dry  produce,  and  several  of 
its  constituents,  fixed  in  the  plant. 
To  determine  the  source  of  these  fixed  constituents,  whether 
soil,  manure,  or  atmosphere. 
We  are  prepared  for  the  objections  which  may  be  raised 
against  the  means  adopted  for  attaining  the  end  and  indications 
desired,  and  against  the  competency  of  the  results,  when  obtained, 
to  afford  demonstration  on  some  important  points  of  the  inquiry. 
Yet  it  is  not  unadvisedly  that  some  of  them,  at  least,  have  been 
risked,  and  especially  in  reference  to  the  question  of  the  exact 
composition  and  resources  of  the  soils  employed,  do  we  not 
scruple  to  declare,  though  in  opposition  to  the  known  opinions  of 
several  esteemed  chemical  friends,  that  we  are  more  disposed,  for 
the  present  at  least,  to  rely  upon  the  comparative  indications 
which  a  natural  and  unanalysed  but  exhausted  soil  may  yield 
alone,  and  in  admixture  with  manures  of  known  composition, 
than  upon  one  of  an  artificial  kind,  such  as  pure  sand,  for  ex- 
ample— or  upon  the  results  of  analysis  at  the  commencement  of 
the  experiments.    Indeed,  in  proof  of  the  dangers  and  uncer- 
tainty to  which  we  are  exposed  in  judging  of  the  exact  capabili- 
ties of  a  soil  by  its  analysis,  and  especially  of  an  exhausted  one, 
wherein  all  the  more  important  constituents  are  so  small  in  quan- 
tity, we  need  only  call  attention  to  the  very  elaborate  examination 
of  this  subject  in  the  hands  of  Professor  Magnus,  as  detailed  in 
his  account,  'Uber  Versuche  betreffend  die  Erschopfung  des 
Bod  ens.' 

The  knowledge  we  obtain  by  synthesis  in  the  method  adopted 
and  described  further  on,  with  the  comparisons  which  will  in 
time  be  provided,  is,  we  believe,  our  safer  guide.  Specimens  of 
the  soil,  as  originally  taken  for  the  experiments,  are,  however, 
preserved  for  analysis  at  some  future  time,  when  the  whole  sub- 
ject of  the  composition  and  properties  of  soils  can  be  entered 
into — and  when,  also,  by  the  continuous  growth  of  the  different 
plants  as  proposed,  the  balance  of  the  constituents  in  the  cases 
of  the  several  experiments  will  be  so  far  affected  as  to  yield 
sufficiently  wide  variations,  and  therefore  trustworthy  points  of 
comparison. 

As  already  stated,  the  plants  selected  for  experiment  were — 
Wheat,  Barley,  Beans,  Peas,  and  Clover.  Seeds  of  the  first 
four  of  these  were  sown  in  a  box  of  mould,  where  they  were 
allowed  to  reach  the  height  of  about  3  inches  before  being 
transferred  to  the  experimental  pots ;  but  the  Clover  plant  was 
brought  direct  from  die  field.  One  or  more  of  each  description 
of  plant  was  grown  in  each  of  thtee  different  conditions  of  soil, 
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and  each  set  of  the  five  plants  with  the  same  description  of  soil 
constituted  a  Series.  An  inspection  of  the  following  plan  will 
aid  a  conception  of  the  arrangement  of  the  experiments  as  to 
condition  of  soil  and  description  of  plant : — 

(Wheat, 

Soil— from  a  plot  of  land  from  which  ten  sue- 
j             J     oessive  corn-crops  had  been  taken  without 
"  *     manure  (the  larger  stones  being  sifted  out 
and  the  weeds  picked)  


( 


{Soil — as  in  Series  1,  with  mineral  manure,  con- 
taining Sulphate  of  Potash,  Sulphate  of  Mag- 
nesia, Chloride  of  Sodium,  and  Superphosphate 
of  Lime  


f  Soil — as  in  Series  1,  with  the  mineral  manure 
Series  3  ..         I    of  Series  2,  and  the  Muriate  of  Ammonia4 
I  added   


Barley, 
Beans, 
Peas, 
Clover, 
kNo  plant. 

Wheat, 
Barley, 
Beans, 
Peas, 
Clover. 

Wheat, 
Barley, 
Beans, 
Peas, 
Clover. 

Glass  jars,  14  inches  in  depth  and  9  inches  in  diameter,  and 
which  were  capable  of  holding  about  42  lbs.  of  soil,  were  the 
vessels  employed.  Six  of  these  were  filled  with  the  soil  as  de- 
scribed for  Series  1 ;  five  with  that  of  Series  2 ;  and  five  with 
that  of  Series  3 :  there  being  in  all,  therefore,  sixteen  separate 
experimental  jars.  Into  these,  excepting  the  sixth  jar  of  Series 
1,  the  plants  raised,  as  described  above,  were  transferred  ;  those 
from  three  seeds  each  of  the  Wheat  and  of  the  Barley  being  taken, 
and  one  plant  only  of  the  Beans,  Peas,  and  Clover.  A  glass 
plate  having  a  hole  in  the  centre  about  three-quarters  of  an  inch 
in  diameter  for  the  plants  to  grow  through,  and  another  nearer 
the  side,  by  which  to  supply  water  as  it  was  needed,  and  which 
was  at  other  times  closed  by  a  cork,  was  then  firmly  cemented 
upon  the  top  of  each  of  the  sixteen  jars.  The  sixth  jar  of  Series 
lj  however,  though  provided  with  soil  and  closed  with  a  lid  as 
the  rest,  was  left  without  a  plant,  as  indicated  in  the  tabulated 
plan  above,  in  order  to  determine  the  amount  of  evaporation  from 
the  centre  orifice.  Each  jar  was  placed  upon  a  varnished  board, 
for  the  convenience  of  attachment  to  the  arm  of  the  balance,  and, 
as  thus  fitted  and  mounted,  weighed  little  short  of  half  a  hun- 
dred-weight The  jars  on  their  stands  constituting  a  Series,  were 
placed  upon  a  truck,  by  means  of  which  they  were  sometimes 
drawn  into  a  green-house  for  the  night,  and  under  the  balance 
when  it  was  desired  to  weigh  them,  and  on  to  a  grass-plot  during 
the  day  for  free  exposure  to  sun  and  air ;  a  canvas  awning  being 
provided,  however,  to  protect  them  in  case  of  rain.  These 
arrangements  will  be  clearly  understood  on  inspection  of  the 
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annexed  drawing,  in  which  is  represented  a  Series  of  the  jars 
with  their  plants,  fixed  upon  their  scale  boards,  and  placed  upon 
their  truck. 


The  balance  employed  for  weighing  the  plants  was  constructed 
for  the  purposes  of  these  experiments  by  Mr.  Oertling  of  London, 
and  is  calculated  to  turn  with  the  third  of  a  grain  when  loaded 
with  from  half  a  hundredweight  to  a  hundredweight  in  each  pan. 
A  drawing  of  them  is  also  given  with  a  jar  and  plant  as  in  pro- 
cess of  being  weighed.  The  knife-edge  of  the  balance  was 
relieved  in  the  usual  way  by  a  support  to  the  beam  when  not  in 
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actual  use ;  this  being  removed  or  applied  at  pleasure  by  means 
of  a  lever,  the  arrangement  for  which  is  not,  however,  indicated 
in  the  drawing.  The  whole  was,  moreover,  covered  by  a  frame 
of  glass,  provided  with  a  door  by  which  to  gain  access  to  the 
weight-pan,  and  another  for  the  attachment  of  the  loose  arm  by 
which  the  jar  and  plant  are  suspended.  A  standard  counterpoise, 
consisting  of  two  leaden  weights,  was  kept  in  the  weight-pan, 
the  deviations  only  above  and  below  this  amount  being  deter- 
mined by  weights — a  set  of  which,  from  ten  thousand  grains 
down  to  one-tenth  of  a  grain,  was  provided  for  this  purpose. 
As  will  shortly  be  seen,  however,  the  amounts  of  water  given  off 
by  the  plants  were  very  large  ;  and  after  a  time  it  was  not  deemed 
necessary  in  practice  to  determine  the  weight  within  one  grain, 
or  frequently  even  two. 

Between  the  time  of  planting  and  the  full  growth  of  the  plants 
more  than  twenty  weighings  of  most  of  them  were  taken ;  and 
weighed  quantities  of  water  were  supplied  whenever  it  seemed  to 
be  required. 

The  collected  results  of  the  water  supplied,  or  given  off  by  the 
plants,  are  exhibited  in  the  following  tables : — 

In  the  Table  (No.  I.),  page  10,  as  well  as  in  those  which  follow 
it,  the  results  are  arranged  in  two  sections  ;  the  upper  one  bringing 
more  prominently  to  view  the  comparisons  between  the  different 
plants  with  one  and  the  same  condition  of  soil,  and  the  lower  one 
those  of  the  same  description  of  plant  with  the  varying  conditions 
of  soil 

The  summary  of  the  total  water  given  off  during  the  growth 
of  the  plants,  as  shown  in  the  third  column  of  this  Table,  is,  of 
course,  chiefly  of  interest  in  connection  with  the  coincident  accu- 
mulation of  vegetable  substance,  and  it  will  therefore  be  repeated, 
and  further  considered,  when  we  come  to  treat  of  that  part  of  the 
subject  Attention  may  here  be  called,  however,  to  the  evidence 
afforded  by  a  glance  at  the  figures  of  this  column — whether  in 
the  upper  or  the  lower  section — at  the  much  greater  regularity 
in  Series  1  without  manure,  and  in  Series  2  with  mineral  manure 
only,  than  in  Series  3  with  both  mineral  and  ammoniacal  manures. 
Indeed,  from  the  beginning,  the  plants  of  Series  3  were  unhealthy, 
and,  as  indicated  in  the  tables,  only  the  wheat  and  the  barley 
•urvived  to  the  end  of  the  experiment,  and  these  even  gave  a 
produce  far  inferior  to  the  same  description  of  plants  under  the 
other  conditions,  though  the  ammonia  provided  by  the  manure 
amounted  in  this  case  to  only  about  0*1  per  cent  upon  the  weight 
of  the  soil. 

It  is  seen  that,  in  the  cases  of  the  healthy  plants,  there  has 
been  an  average  of  about  100,000  grains  of  water  given  off  by 
them  during  their  growth,  an  amount  far  greater  than  was  anti- 
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Table  I. — Showing  the  Total  Amounts  of  Walter  supplied,  derived  from 
the  Soil,  and  given  off,  during  the  entire  period  of  the  growth  of  the 
Plants.    Quantities  given  in  grains. 


Entire  Period  of  172  days,  from  March  19  to  Sept.  7. 


Total  Water 
supplied. 

Total  Water 
obtained  from 

Soil 

Total  Water 
given  off. 

Unmanured     ..  j 

With  Mineral  I 
Manure          . .  j 

With    Mineral  1 
and  Ammoniacal  < 
Manure     . .     . .  I 

• 

Clover  (cut  June  28th) 

Clover  (cut  June  28th) 
Wheat  

Clover  (cut  July  4th) 

79,800 
88,800 
87,800 
81,800 
28,500 

33,727 
31 ,225 
24,431 
27,282 
26,593 

113,527 
120.025 
112,231 
109,082 
55,093 

85,800 
97,800 
95,800 
86,000 
36,500 

12,206 
30,554 
22,069 
10,405 
17,223 

98,006 
♦128,354 
117,869 
96,405 
53,723 

57,700 
74,300 

24,300 

10,824 

55,996 
85,124 

13,671 

Wheat      ..  | 
Barley            ..  j 

Peas  | 

Clover      ..     ..  | 

Unmanured 
Mineral  Manure 
Min.  and  Am.  Man.  .. 

Unmanured 
Mineral  Manure 
Min.  and  Am.  Man.  . . 

Unmanured 
Mineral  Manure 
Min.  and  Am.  Man.  . . 

Unmanured 
Mineral  Manure 
Min.  and  Am.  Man.  . . 

Unmanured 
Mineral  Manure 
Min.  and  Am.  Man.  .. 

79,800 
85,800 
57,700 

33,727 
12,206 

113,527 
98,006 
55,996 

88,800 
97,800 
74,300 

31,225 
30,554 
10,824 

120,025 
128,354 
85,124 

87,800 
95,800 
(died) 

24,431  . 
22,069 

112,231 
117,869 

81,800 
86,000 
(died) 

27,282 
10,405 

109,082 
96,405 

28,500 
36,500 
24,300 

26,593 
17,223 

55,093 
53,723 
13,671 

*  The  glass  lid  was  broken  by  the  pressure  of  the  plants,  and  the  soil  therefore  partly  exposed. 
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cipated  when  the  arrangements  for  the  experiments  were  made ; 
and  it  will  readily  be*  understood  that,  with  such  quantities  as 
these,  it  was  seldom  necessary  to  conduct  the  weighings  with  the 
nicety  for  which  we  were  prepared. 

The  first  and  second  columns  of  the  Table  show  the  sources 
of  the  water  given  off,  from  which  it  is  seen  that  an  amount 
varying  from  10,000  to  30,000  grains  has  been  derived  from  the 
soil,  the  remainder  having  been  supplied  as  the  experiment  pro- 
ceeded. It  should  be  remarked,  however,  that  before  the  com- 
mencement of  the  experiment,  30  fluid  ounces,  or  between  14,000 
and  15,000  grains  of  water,  were  added  to  each  of  the  jars  of  soil, 
which,  by  exposure  to  the  air  for  some  time  with  shelter  from 
the  rain,  and  by  the  process  of  sifting,  had  become  somewhat  dry. 
The  figures  in  the  Table  therefore  overstate,  by  nearly  the  quantity 
just  mentioned,  the  amount  obtained  from  the  normal  soil.  Never- 
theless it  is  believed  that  the  wheat  and  the  barley  plants  suffered 
to  some  extent  during  the  latter  period  of  the  experiment  for  want 
of  a  freer  supply  of  water,  and  that  to  this  cause  may  in  part  be 
attributed  a  defective  development  of  their  seeds  as  compared 
with  those  of  the  beans  and  peas. 

We  have  not  prepared  any  detailed  account  of  the  periodical 
supply  of  water,  which  was  regulated,  both  as  to  time  and  quan- 
tity, in  part  by  the  amount  given  oft  by  the  plants,  and  partly 
also  by  their  apparent  or  supposed  requirements.  It  may  be 
stated,  however,  that  none  was  added  during  the  first  few  weeks  of 
the  experiments,  and  that  the  doses  given  varied  from  250  grains 
to  as  much  as  1,  2,  3,  4,  6,  or  even  12  thousand  grains  as  the 
growth  of  the  plants  progressed. 

A  somewhat  more  detailed  view  of  the  amounts  of  water  given 
off  by  the  plants  may  be  of  interest,  and  we  have  accordingly 
supplied,  in  Tables  II.  and  III.  (pp.  12,  13),  statements  both  of 
the  total  and  the  average  daily  loss  during  periods,  in  the  main, 
as  nearly  approaching  to  one  month  each,  as  the  details  of  our 
registry  would  permit 

The  relationship  of  evaporation  to  rapidity  of  growth  is,  it  is 
true,  as  yet  a  problem,  but  it  may  nevertheless  be  assumed  as  a 
general  fact — and  especially  between  plant  and  plant  of  the  same 
description — that  the  comparative  rate  of  the  evaporation  of  water, 
or  its  amount  within  any  given  period,  to  some  extent  indicates 
the  comparative  activity  of  the  processes  of  the  plants  ;  yet,  since, 
with  the  advance  of  the  season,  and  increased  intensity  of  heat 
and  light,  the  surface  for  evaporation  was  also  constantly  in- 
creasing, it  is  difficult  to  determine  whether  the  increasing  loss  up 
to  a  certain  period,  as  indicated  in  the  tables,  is,  to  any  extent, 
materially  due  to  the  external  influence  referred  to,  irrespectively 
°f  a  corresponding  enlarged  surface  and  rapidity  of  fixation  of 
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Table  II. — Showing  the  Number  of  Grains  of  Water  given  off  by  the  Plant* 
during  stated  divisional  Periods  of  their  Growth. 


Description  of  Plant  and  Manure. 

9  Days. 

31  Days. 

27  Days. 

34  Days. 

30  Days. 

14  Days. 

27  Days 

From 
Mar.  19 
to 

Mar.  28. 

From 
Mar.  28 

to 
Apr.  28. 

From 
April  28 
to 

May  25. 

From 
May  25 

to 

June  28. 

From 
Jane  28 

to 
July  28. 

From 
July  28 
to 

August  11. 

From 
Aug.  11 

to 
Sept  7. 

/Wheat 

nured  ..    ..  L, 

vClovcr 

/Wheat 

Series  II.— Mine-  ^[f/ 
ral  Manure  |*^8 

VClover 
/Wheat 

Series  III  Mine- 1  Barley 

ral  and  Ammo- /Beans 
niacal  Manure  (Peas 
IClover 

No  plant 

129 
129 
88 
101 
400 

1268 
1867 
1854 
1332 
1645 

4,385 
12,029 
4,846 
2,873 
2,948 

40,030 
37,480 
30,110 
36,715 
50,100 

46,060 
45,060 
58,950 
62,780 

41,200 
51,830 
59,680 
51,520 

15,420 
17.046 
12,626 
5,281 

6,235 
6,414 
3,657 

106 
157 
69 
111 
353 

888 
2030 
1528 
1558 
1838 

3,935 
11,249 
4,790 
4,249 
5,008 

33,800 
38,280 
35,440 
37,060 
46,524 

9,364 
14,548 
11,626 

1,907 

8,713 
10,260 
4,706 

139 
138 
80 
(died) 

866 
853 
1439 

1 ,851 

April  28 
to 

June  28. 
10,300 
27,270 
(died) 

27,710 
37,050 

15,251 
14,606 

2,030 
5,207 

109 

633 

362 

1,374 

1,066 

300 

9  Days. 

31  Days. 

27  Days. 

34  Days. 

30  Days. 

14  Days. 

27  Days. 

|  Unman  tired 
Wheat  <  Mineral  Manure 

(Min.  and  Am.  Man. 

(Unmanured 
Barley  <  Mineral  Manure 

(Min.  and  Am.  Man. 

(Unmanured 
Beans  < Mineral  Manure.. 
(Min.  and  Am.  Man. 

Unmanured 
Peas   a  Mineral  Manure . . 

,  Min.  and  Am.  Man. 

|  Unmanured 
Clover /Mineral  Manure 

(Min.  and  Am.  Man. 

129 
106 
139 

1268 
888 
866 

4,385 
3,935 

40.080 
33,800 
10,300 

46,060 
41,200 
27,710 

15,420 
9,364 
15,251 

6,23* 
8,713 
2,030 

129 
157 
138 

1867 
2030 
853 

12,029 
11,249 

37,480 
38,280 
27,170 

45,060 
51,830 
37,050 

17,046 
14,548 
14,606 

6,414 
10,260 
5,207 

88 
69 
80 

1854 
1528 
1439 

4,846 
4,790 
1,851 

30,110 
35,440 
(died) 

58,950 
59,680 

12,626 
11,626 

3,657 
4,706 

101 
111 

(died) 

1332 
1558 

2,873 
4,249 

36,715 
37,060 

62,780 
51,520 

5,281 
Cot 
Aug.  11. 

1,907 
Cut 
Aug.  4. 

400 
353 

1645 
1838 

2,948 
5,008 

50,100 
46,524 
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Table  III. — Showihg  the  Average  Daily  Loss  of  Water  (in  Grains)  by  the 
Plants,  within  several  Btated  divisional  Periods  of  their  Growth. 


 1  

9  Days.  |3l  Days. 

27  D«y»- 

34  Days. 

30  Days. 

14  Days. 

27  Days. 

fipxription  of  Plant  and  Manure. 

From 
Mar.  19 

JO 

Mar.  28. 

From 
Mar.  28 

to 
Apr.  28. 

Fro  m 
April  28 

to 
May  25. 

From 
May  25 
to 

Jane  28. 

From 
Jane  28 
to 

Jaly  28. 

From 
July  28 

rto 
Aug.  11. 

From 
Ang.ll 

to 
Sept  7. 

Series  I.— Unma- 
nofed 

[Wheat 
Barley 
Beans 
Peas 
Clover 

14*S 
14-3 
9'7 
11-2 
44-4 

40*9 
60*2 
59*8 
429 
53-0 

162*4 
445*5 
179-5 
106*4 
109*2 

1177*4 
1102-3 
885-6 
1079*8 
1473*5 

1535*3 
1502-0 
1965-0 
2092*7 

1101-4 
1217*6 
901*8 
377*2 

230-9 
287-5 
135-4 

SEirn  II.— Mine- 
ral Manure 

Wheat 

Barley 

Beans 

Peas 

Clover 

11*8 
17-4 
7-6 
12'3 
39*2 

28*6 
65*5 
49'3 
50*3 
59*3 

145*7 
416*6 
177*4 
157*0 
185*5 

994*1 
1125-9 
1042*3 
1090*0 
1368*3 

1373-3 
1727*7 
1989-3 
1717*3 

668*8 
1039-1 
830-4 
136*2 

- 

322*7 
380-0 
175-4 

•• 

rWheat 

15*4 

27-9 

Aj>rll28^to 
373*  i 

May  12  to 
108-6 

923-7 

1068*0 

75-2 

Sana  III.— Mi- 
neral and  Ammo-' 
&iacal  Manure  .. 

IBarley 

Beans 
lPeas 

15*3 
8*8 

27-5 
46*4 

April  28  to 
May  9. 
136*4 

April  28  to 
May  9. 
168*3 

May  9  to 
June  28. 
515*4 

1235-0 

1043*3 

192*8 
•  • 

VClover 

12*1 

20*4 

13*4 

40-4 

35*5 

21-4 

9  Days. 

31  Days. 

27  Days. 

34  Days. 

30  Days. 

14  Days. 

27  Days. 

Wheat 

Unmannred 
Mineral  Manure 

14*3 
11*8 

40'9 
28*6 

1624 
145*7 

1177*4 
994*1 

1535-3 
1373-3 

1101*4 
668*8 

230*9 
322*7 

Min.  and  Am.  Man. 

15*4 

27*9 

J 14  Days.\ 
\  373*1/ 

47  Days.1 
108*0/ 

923*7 

1068*0 

75'2 

Barley 

TJnmanured 
Mineral  Manure 

'Min.  and  Am.  Man. 

14*3 
17*4 

15*3 

60*2 
65*5 

27*5 

445*5 
416*6 

/ll  Daya.1 
I  136-4/ 

1102*3 
1125*9 
50  Days.1 
515-4/ 

1502-0 
1727*7 

1235*0 

1217*6 
1039* 1 

1043*3 

237*5 
880*0 

192*8 

Beans 

Unmannred 
Mineral  Manure 

9*7 
7*6 

59*8 
49*3 

179*5 
177*4 

885-6 
1042*3 

1965-0 
1989*3 

901-8 
830*4 

135*4 
175*4 

Min.  and  Am.  Man. 

8*8 

46*4 

/ll  Days.1 
\  168*3f 

Peas 

(Unmannred 
Mineral  Manure 
[Min.  and  Am.  Man. 

11-2 
12*3 

42*9 
50*3 

106-4 
1570 

1079*8 
1090*0 

2092-7 
1717*3 

377*2 
136*2 

Clover 

lUnmanured 
Mineral  Manure 
[Min.  and  Am.  Man. 

44*4 

39*2 

53*0 
59*3 

109*2 
185*5 

1473*5 
1368*3 
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constituents.  So  far,  of  course,  as  the  process  is  one  of  simple 
evaporation,  will  an  increase  of  temperature  determine  a  greater 
loss  of  water ;  still  the  question  arises  whether — supposing  there 
be  no  actual  deficiency  of  the  necessary  and  available  constituents 
— this  increased  passage  of  water  through  the  plants,  carrying 
with  it  in  its  course  many  important  materials  of  growth  from 
the  soil,  and  probably  also  influencing  the  changes  in  the  leaves 
of  these,  as  well  as  of  those  derived  from  the  atmosphere,  will 
not  be  accompanied  with  an  equivalently  increased  growth  and 
development  of  the  substance  of  the  plant.  Upon  this  point  some 
light  may  be  thrown  by  an  examination  of  the  circumstances 
attending  the  development  of  "  Roots,"  the  more  active  growth 
of  which  is  generally  coincident  with  a  declining  and  not  an 
increasing  temperature,  as  in  the  case  of  the  seeding  crops  now 
under  trial. 

Until,  however,  the  relationship  of  the  quantity  of  water  given 
off  to  the  amount  of  dry  substance  or  its  constituents  fixed,  under 
varied  and  known  circumstances,  be  experimentally  determined, 
any  detailed  consideration  of  the  indications  of  the  thermometer 
in  connection  with  results  of  so  initiative  a  kind  would  be  un- 
availing, though  a  more  or  less  complete  registry  was  kept  of  the 
temperature  during  the  period  of  the  growth  of  the  plants,  and 
this  point  will  not  be  neglected  in  our  future  progress. 

As  might  have  been  anticipated,  it  is  seen  by  the  Tables,  that 
though,  as  the  season  advanced  in  temperature  and  the  mass  and 
surface  of  the  plants  increased,  the  amount  of  water  daily  given 
off  was  also  greater  up  to  a  given  time,  yet  towards  the  end  of 
the  experiment  it  rapidly  and  considerably  diminished.  It  is 
probable  that,  from  the  time  of  this  apparent  decline  in  the  rate 
of  passage  of  water  through  the  plant,  the  processes  of  acquirement 
of  material  were  less  active,  those  of  the  ripening  and  elaboration 
of  its  contents  having  commenced,  and  that  the  time  of  most 
active  circulation,  as  indicated  by  the  daily  rate  of  water  evapo- 
rated, was  also  that  of  the  greatest  accumulation.  Some  experi- 
ments which  we  conducted  a  few  seasons  ago,  with  the  view  of 
determining  whether  there  was,  in  the  formation  and  ripening  of 
the  cereal  grains,  any  diminution  in  the  amount  of  nitrogen  pre- 
viously stored  in  the  plant,  seemed,  indeed,  to  show,  that  though 
there  was  no  appreciable  change  in  the  amount  of  the  nitrogenous 
compounds  upon  a  given  area  of  land  after  the  time  of  flowering, 
yet  the  amount  of  wow-nitrogenous  vegetable  substance  accumu- 
lated after  this  time  had  been  very  great;  it  is  not,  however, 
necessary  to  conclude  that  the  rapid  accumulation  of  carbon  from 
the  atmosphere  at  this  period,  though  coincident  perhaps  with  an 
apparently  less  succulent  condition  of  the  plant,  was  in  reality 
attained  with  any  less  degree  of  activity  of  the  fluids  within  it, 
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or  of  watery  exhalation  from  it,  than  during  the  earlier  stages  of 
its  growth.  Upon  this  point  some  information  will  probably  be 
afforded  by  our  results  as  we  proceed. 

The  daily  rate  of  evaporation  in  the  cases  of  the  two  more 
healthy  clover  plants — those,  namely,  of  Series  1  and  2 — is  seen 
to  be  in  the  main  higher,  up  to  the  time  of  their  being  cut,  than 
in  those  of  the  other  plants ;  in  explanation  of  which,  it  must  be 
remembered  that  the  clover  experimented  upon,  being  the  produce 
of  seed  sown  in  the  previous  season,  these  plants  were,  at  the 
commencement,  more  advanced  than  those  with  which  they  here 
stand  in  comparison. 

The  total  evaporation  from  the  jar  without  a  plant  is  seen  to 
be  3844  grains  during  the  entire  period  of  the  experiment.  This 
total  loss  from  the  hole  in  the  glass  lid  is  certainly  considerable, 
but  it  amounts  on  an  average  to  little  more  than  3  per  cent  of  the 
entire  quantity  given  off  from  the  jars  containing  the  plants,  and 
it  seems  unsafe  on  several  grounds  to  attempt  to  correct  the  indi- 
cations of  the  latter  by  the  deduction  of  the  amount  of  loss  from 
the  no-plant  jar.  Thus,  the  loss  from  the  centre-hole  of  the  no- 
plant  jar  might  be  supposed  to  exceed  that  from  the  rest,  since 
in  these  the  orifice  was  nearly  closed  by  the  stems  of  the  plants ; 
but,  on  the  other  hand,  the  much  less  active  circulation  of  air 
through  the  unplanted  jar  would  tend  to  an  opposite  result,  as 
also  would  the  fact,  that  in  the  absence  of  a  fresh  supply  of  water 
in  this  case,  the  surface  of  the  soil  would,  after  a  time,  become 
somewhat  dry.  That  this  was  the  case  would  appear  from  the 
figures  in  the  Table,  which  show  that  though  the  rate  of  loss  from 
the  no-plant  jar  increased  for  a  length  of  time  as  the  season 
advanced,  yet  afterwards  it  to  some  extent  diminished.  It  may 
be  remarked,  however,  that  there  was  frequently  in  this  case,  as 
well  as  in  the  others,  a  condensation  of  water  on  the  under  surface 
of  the  lid.  Upon  the  whole,  then,  we  are  inclined  to  decide, 
that  the  indications  of  this  experiment  should  serve  rather  to 
prevent  any  too  nice  application  of  the  numerical  results  obtained 
in  relation  to  the  plants,  than  as  providing  any  available  means 
of  correcting  them. 

Let  us  now  turn  our  attention  to  the  amount  and  composition 
°f  the  produce  obtained  from  the  experimental  jars.  The  wheat 
plants  in  all  three  of  the  jars  appearing  sickly  from  the  time  of 
transplanting,  were  cut  down  twelve  days  afterwards,  viz.,  on 
March  31st,  in  the  hope  that  they  would  then  grow  up  more 
vigorously.  These  cuttings,  when  dried  at  212°,  in  neither  case 
wrighed  one  grain,  but  they  were  saved,  and  their  quantities  are 
kken  into  account  with  the  rest  of  the  produce.  Stems  were 
also  cat  from  the  wheat  grown  by  the  unmanured  and  the  mineral 
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manured  soil,  as  well  as  from  all  of  the  barley  jars,  on  May  26th ; 
the  holes  in  the  glass  covers  having  become  in  these  cases  quite 
choked  up.  These  cuttings  were  much  more  considerable  in 
quantity  than  the  former,  and  of  course  also  considered  as  a  part 
of  the  experimental  product. 

The  several  clover  plants  were  respectively  cut  when  in  full 
flower.  The  pea  with  mineral  manure  was  cut  on  August  4th, 
and  that  in  the  unmanured  soil  on  August  11th.  All  the  other 
plants,  viz.,  wheat,  barley,  and  the  beans,  were  harvested  on 
September  7th. 

The  corn  of  the  peas  and  beans  was  well  developed  and 
tolerably  ripened :  that  of  the  wheat  and  the  barley  was  by  no 
means  so  much  so,  especially  that  of  the  wheat  This  was  sup- 
posed partly  to  arise  from  a  want  of  water,  the  plants  having  an 
appearance  of  drying  up  rather  than  healthy  ripening.  It  is  seen, 
indeed,  by  reference  to  Table  I.,  at  page  10,  that  the  amounts  of 
water  derived  from  the  soil  were  greater  in  the  cases  of  one  of 
the  wheat  jars  and  two  of  the  barley  jars  than  in  the  others, 
though  the  exhaustion,  in  this  respect,  of  the  beans,  one  of  the 
peas,  and  one  of  the  clovers,  was  not  much  less.  It  had  been 
remarked,  however,  from  the  commencement,  that  the  apparent 
demand  for  supplied  water  was  much  greater  in  proportion  to 
that  given  off  in  the  cases  of  the  graminaceous  plants  than  in  the 
several  leguminous  ones;  but  it  seems  generally  to  have  been 
found  by  experimenters,  that  the  cereals  were  much  more  difficult 
to  bring  to  maturity  under  the  somewhat  artificial  circumstances 
usually  provided  in  experiments  of  this  kind,  than  any  other  plants. 

The  irregularities  of  cuttings  and  want  of  uniformity  in  the 
final  maturation  of  the  produce  will  be  guarded  against  as  far  as 
possible  in  our  future  experiments.  To  these  indeed  may  pro- 
bably be  chiefly  attributed  any  want  of  definiteness  or  consistency 
in  the  results  about  to  be  considered ;  and  it  was  on  account  of 
them  deemed  unnecessary  to  take  the  fresh  weights  of  the  produce 
of  the  jars. 

The  plants  cut  level  with  the  surface  of  the  perforated  lids, 
shortly  after  being  taken  from  the  jars  were  dried  in  a  stove  at 
about  140°,  and  then  carefully  stored  for  future  examination. 

Recurring  to  the  subject  for  the  purpose  of  this  paper,  the 
corn  plants  were  carefully  dissected — the  seeds  from  the  straw, 
chaff,  &c.  Each  of  them  was  then  exactly  halved.  The  one 
portion  of  corn,  and  one  each  of  straw,  chaff,  &c.  (the  latter  being 
mixed  together),  were  fully  dried  at  212° — the  weight  taken  and 
then  burnt  to  ash,  and  the  other  specimens,  the  corn  separately 
from  the  straw,  chaff,  &c,  being  reserved  for  the  determination 
of  their  nitrogen.    The  cuttings  were  also  halved  and  treated  in 


given  off  by  Plants  daring  their  Growth. 


17 


like  manner,  those  taken  at  different  periods  from  the  same  plant 
having  been  mixed. 

In  Tables  IV.,  V.,  and  VI.,  are  given  the  results  of  the  dry- 
ings and  burnings  of  the  produced  plants. 


Table  IV. — Quantities  (in  grains,  tenths,  &c.)of  Dry  Matter  fixed  in  the 
several  parts  of  the  Plants,  and  in  the  Total  Produce  of  the  Jars,  &c. 


Detatptian  of  Plants  and  Manure. 

In  Corn. 

In 
Straw 

and 
Chaff. 

In 
Cuttings 

In  Total 
Produce. 

oTCorn  to 

100  of 
Straw,  &c. 

47-84 
33-74 
81*67 

Wheat  {Mineral  Manure   

(Mineral  and  Ammon.  Manure 

(Mineral  and  Ammon.  Manure 
(Mineral  and  Ammon.  Manure 

148*5 
111-2 
65*4 

302*8 
321*9 
206*2 

7-6 
7-6 
0-3 

458*9 
440*7 
271-9 

188-7 
179-0 
112-8 

253-74 

297*0 

170-6 

23-  1 

24-  6 
29-8 

465*54 

500*6 

313*2 

68-16 
55*66 
56*34 

282*6 
299*0 

254*9 
238*8 

537*5 
537-8 

110-86 
125-20 

104-07 
87-76 

214*7 
213*8 

206-3 
243*6 

421-0 
457-4 

204*7 
234*8 
92-6 

Table  Y. — Quantities  (in  grains,  tenths,  &c.)  of  Mineral  Matter  fixed  in 
the  several  parts  of  the  Plants,  and  in  the  Total  Produce  of  the  Jars,  &c. 


Description  of  Planta  and  Manure. 

In  Com. 

In  Straw 
and  Chaff. 

In 
Cuttings. 

In  Total 
Produce. 

(Mineral  and  Ammon.  Manure  .. 
(Mineral  and  Ammon.  Manure  . . 

(Unmanured  

(Mineral  and  Ammon.  Manure  . . 

4-22 
8*06 
2*16 

30*62 
40*44 
29-74 

1-65 
1*44 
0*048 

36-49 
45-48 
31*948 

6*2 
6-8 
4-72 

36*38 
39*22 
24*06 

8*34 

4-6 

4*4 

45*92 
50*62 
33*18 

9*02 
10-6 

40*0 
36*16 

49-02 
46*76 

6-76 
8*24 

36*4 
55*98 

48*16 
64-22 

29*24 
35*44 
13-10 
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Table  VI. — Percentages  of  Ash  in  Dry  Matter. 


Description  of  Plants  and  Manure. 

In  Com. 

In  fitmw 

and  Chaff. 

In 
Cuttings. 

In  Plant 

(Qover> 

(Mineral  and  Ammon.  Manure  .. 

( Mineral  and  Ammon.  Manure 
l3eftn8  \Mineral  Manure  

[Mineral  and  Ammon.  Manure 

2*84 

2-  75 

3-  30 

10*11 
12*56 
14*42 

21*71 
18*95 
16*0 

328 

3-  80 

4-  18 

14*34 
13*20 
14*  1 

14*46 
18-70 
14-1 

3-19 
3*66 

15-69 
15-14 

3-15 
3-85 

17*64 
23*0 

14-28 
1511 
14*15 

In  Table  IV.  the  dry  matter  in  the  several  parts  of  the  speci- 
mens is  given,  the  quantities  being  calculated  upon  the  entire 
produce  of  the  jars.  Excluding  the  clover-plants,  which  do  not 
compare  fairly  with  the  rest,  and  those  also  having  the  ammo- 
niacal  manure,  which  were  evidently  injured  by  it,  we  see  at 
least  some  general  uniformity  in  the  amount  of  dry  matter  pro- 
duced;  the  beans,  however,  which  were  of  all  the  plants  the 
most  healthy,  yielding  not  only  an  amount  almost  identical  with 
the  unmanured  and  the  mineral-manured  soils,  but  higher  than 
any  of  the  rest  And  if  we  refer  to  the  last  column  of  the 
Table,  we  see  that  in  their  cases  especially,  but  also  notably  in 
those  of  the  peas,  the  seed  (which  in  both  is  so  highly  nitro- 
genous) shows  a  much  higher  proportion  to  the  entire  produce 
than  in  the  cereals. 

These  actual  quantities  of  dry  matters  produced,  though  indi- 
cating, perhaps,  to  some  extent  the  healthy  development  of  the 
several  plants  under  the  conditions  provided  for  them,  will  be 
more  conveniently  studied  in  their  relationship  to  the  amount  of 
water  given  off,  when  calculated  to  a  uniform  standard,  as  in  the 
Table  which  will  shortly  follow.  . 

The  figures  of  Table  V.,  indicating  the  actual  amounts  of 
mineral  matter  fixed  in  the  plants,  are  also  of  little  independent 
interest  Those  of  Table  VI.  show  the  percentage  of  mineral 
matter  in  the  gross  dry  substance  in  the  several  plants  and  parte; 
of  plants,  and  indicate  it  to  be  in  every  instance  higher  than  is 
usual ;  though  less  so  in  the  Leguminous  seeds  than  in  the 
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cereals,  and  more  in  the  wheat  than  in  the  barley.  The  propor- 
tion is  seen,  moreover,  to  vary  in  the  same  description  of  plant 
with  the  different  conditions  of  soil,  it  being  generally  higher 
where  mineral  manure  was  employed  than  with  no  manure. 
This  general  excess  of  mineral  matter  may  be  taken  as  being 
connected,  to  a  great  extent,  with  the  defective  state  of  ripening 
of  the  plants,  and  between  plant  and  plant  of  the  same  descrip- 
tion the  amount  of  it  may  indicate  their  relative  qualities  in  this 
respect 


Table  VII. — Table  of  Actual  Experimental  Results. 


Description  of  Plant  and  Manure. 

Number 

of 
Grains 

of 
Water 
given  off. 

Number  of  Grains  fixed  in  the 
Plant  of— 

Dry  Matter. 

Mineral 
Matter 
(Ash). 

Inclusive 
of  Ash. 

Organic 
only. 

Miiml  and  Ammo-  (™>f*  7 
*calManure  (g^ 

113,527 
120,025 
112,231 
109,082 
55,093 

458*9 

465-54 

537-50 

421-00 

204-70 

422-41 
419*62 
488*48 
377*84 
175*46 

36*49 
45*92 
49*02 
4316 
29-24 

98,006 
128,354 
117,869 
96,405 
53,723 

440*7 
500-60 
537* SO 
457*40 
234*80 

395*76 
449*98 
491*04 
393-18 
199*32 

44*94 
50*62 
46*76 
64-22 
35*48 

55,996 
85,124 
13,671 

271*90 
313*20 
92*60 

239*952 
280*02 
79-50 

31*948 

33*18 

13*10 

{ Min.  and  Amnion.  Manure  . . 
[Min.  and  Amnion.  Manure  .. 

(Min.  and  Amnion.  Manure  .. 

113,527 
98,006 
55,996 

458*9 
440*7 
271*90 

422*41 
395*76 
239*952 

36'49 
44*94 
31*948 

120,025 
128,354 
85, 124 

45*564 
500*60 
318*20 

419*62 
449*98 
280*02 

45*92 
50*62 
33*18 

112,231 
117,869 

537*50 
537*80 

488*48 
491*04 

49*02 
46  76 

109,082 
96,405 

421*00 
457-40 

377*84 
393*18 

43*16 
64*22 

55,093 
53,723 
13,671 

204*70 
234*80 
92*60 

175*46 
199-32 
79*50 

29*24 
35*48 
13- 10 
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In  Table  VII.  (p.  19)  the  total  amounts  of  water  given  off 
during  the  growth  of  the  plants,  and  the  total  amounts  of  dry 
matter,  both  inclusive  and  exclusive  of  ash,  and  of  the  ash  itself, 
arc  given  side  by  side.  The  relationship  of  the  water  given  off 
to  the  matter  fixed  in  the  plant  is,  however,  more  clearly  indi- 
cated in  Tables  VIII.  and  I^C 

Table  VIII.— Showing  the  Quantities  of  Substances  fixed  to  a  Standard 
Amount  of  Water  given  off. 


Number  of  Grains  fixed  in  the 
Plant  for  100,000  Grains  of 
Water  given  off.  of— 


Description  of  Plant  and  Manure. 

Dry  Matter. 

Mineral 
Matter 
(As*). 

Inclusive 
of  Ash. 

Organic 
only. 

Barley   

.Clover   

Mineral  Manure      ..    . .  Beans  

404*2 
387-8 
478-9 
385-9 
371*5 

372-0 
349*6 
435-2 
346*4 
318*5 

32*14 
38*26 
43'67 
39*57 
53*07 

449-7 
390-0 
456*3 
474'4 
437*0 

403*8 
350*6 
416-6 
407*8 
371*0 

45*85 
39*44 
39*67 
66*61 
66*04 

485*6 
367*9 
677-3 

428*5 
328*9 
581*5 

57-05 
38-98 
95*82 

(Unmannred   

Wheat      {Mineral  Manure  .. 

f  Mineral  and  Ammoniacal  Manure 

(Unmanured  

Barley      <  Mineral  Manure   

(Mineral  and  Ammoniacal  Manure 

Clover  ..  <  Mineral  Manure   

(Mineral  and  Ammoniacal  Manure 

404*2 
449*7 
485*6 

872*0 
403*8 
428?5 

32-14 
45*85 
57*05 

387*8 
390-0 
367-9 

349*6 
350*6 
328*9 

38*26 
39*44 
38*98 

478-9 
456*3 

435*2 
416*6 

43*67 
39*67 

385*9 
474*4 

346*4 
407*8 

89*57 
66-61 

371*5 
437*0 
677*3 

318*5 
371*0 
581-5 

53*07 
66-04 
95*82 
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Table  IX. — Showing  the  Quantities  of  Water  given  off  to  a  Standard  Amount 
of  Substances  fixed. 


Number  of  Grains  of  Water  given 
off  for  One  Grain  fixed  m  the 
Plant,  of— 


Description  of  Plant  and  Manure. 

Dry  Matter. 

Mineral 
Matter 

(Ash). 

Inclusive 
of  Ash. 

Organic 
only. 

Peas   

liberal  and  Ammotuacalgj*1 ;; 

(Clover  

247-4 
257-8 
208-8 
259-1 
269-1 

268-8 
286*0 
229-7 
288-7 
314-0 

3111-2 
2613-8 
2289-5 
2527*3 
1884*2 

222-4 
256-4 
219-2 
210-8 
228-8 

247-6 
285-2 
240*0 
245-2 
269-5 

2180*8 
2535*6 
2520-7 
1501-2 
1514*2 

205-9 
271-8 
147-6 

233-4 
304*0 
172-0 

1752-7 
2565*5 
1043-6 

(Mineral  and  Ammoniacal  Manure 
(Mineral  and  Ammoniacal  Manure 

f  Mineral  and  Ammoniacal  Manure 

247-4 
222-4 
205  9 

268-8 
247-6 
233-4 

3111-2 
2180-8 
1752-7 

257-8 
256-4 
271-8 

280 -0 
285-2 
304-0 

2613*8 
2535-6 
2565*5 

208-8 
219-2 

229-7 
240-0 

2289*5 
2520-7 

259-1 
210*8 

288*7 
245-2 

2527*3 
1501  2 

269*1 
228*8 
147-6 

314-0 
269-5 
172-0 

1884-2 
1514-2 
1043*6 

In  Table  VIII.  there  are  shown  the  amounts  of  gross  dry  sub- 
stance, of  dry  organic  matter,  and  of  mineral  matter  fixed,  for 
every  100,000  grains  of  water  carried  off  from  the  soil  by  the 
plants,  and  in  Table  IX.  the  amount  of  water  given  off  for  the 
fixation  of  one  grain  of  each  of  these  is  indicated. 

The  indications  of  these  Tables  are  certainly  not  without  the 
appearance  of  discrepancy ;  yet  when  we  remember  the  circum- 
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stances  of  irregularity  of  growth  already  fully  detailed,  and  also 
the  greatly  varying  products,  of  which  the  substance  of  the 
plants  is  in  several  cases  made  up,  the  general  uniformity  of  the 
figures  is  sufficiently  striking,  and  calculated  to  lead  to  the  ex- 
pectation of  much  more  definite  results  in  future,  and  more  care- 
fully conducted  experiments. 

Referring  first  to  Table  VIII.,  and  taking  the  upper  section  of 
it,  we  see  that  the  amounts  of  dry  matter  produced  to  100,000 
grains  of  water  given  off  by  the  plant,  range  in  the  case  of  the 
wheat,  the  barley,  the  pea,  and  the  clover,  in  the  unmanured 
soil,  between  371  and  404  grains ;  or,  excluding  the  clover, 
between  the  latter  number  and  386  grains,  an  approximation 
sufficiently  indicating  some  definite  relationship  between  the 
passage  of  water  through  the  plant  and  the  fixation  in  it  of  some 
of  its  constituents.  The  bean  in  this  series  seems  to  be  an  ex- 
ception, the  amount  of  dry  substance  produced  in  this  case  being 
about  479  grains,  or  nearly  one-fourth  more  than  the  average  of 
the  other  unmanured  plants.  When  we  remember,  however,  the 
much  larger  amount  of  nitrogenous  compounds  which  this  pro- 
duct would  contain  than  any  of  the  other  specimens,  we  see 
that,  with  this  variation  in  the  amount  of  vegetable  growth 
to  a  given  quantity  of  water  evaporated,  there  is,  at  least,  coin- 
cident variation  in  the  composition  of  the  product  itself;  and 
the  particular  facts  would  lead  to  the  suspicion,  that  the  water 
evaporated  had  a  more  definite  quantitative  relationship  to  the 
fixation  of  the  mm-nitrogenous  than  to  that  of  the  nitrogenous 
constituents  of  the  plants. 

Looking  at  the  results  of  the  2nd  Series  (with  mineral  ma- 
nure), we  see  a  generally  higher  amount  of  dry  substance  pro- 
duced for  a  given  circulation  of  water  than  in  Series  1 ;  and 
also,  the  barley  excepted,  a  much  greater  uniformity  than  in  the 
former  Series.  The  cause  of  this  discrepancy  in  the  barley  may 
perhaps  be  explained  by  the  fact  already  mentioned,  that  die  lid 
of  the  jar  in  which  it  grew  had  been  broken  during  a  consider- 
able period  of  the  experiment;  and  though  the  pieces  were 
cemented  together,  yet  it  is  more  than  probable  that  water 
was  lost  from  the  soil  by  evaporation  through  the  crack,  in 
which  case  the  amount  of  product  would  necessarily  appear 
low. 

In  the  case  of  this  Series,  too,  it  is  seen  that  the  product  of 
beans  is  exceeded  by  the  peas,  and  nearly  reached  even  by  the 
wheat.  On  the  view  referred  to  above,  therefore,  it  would  be 
necessary  to  suppose  that,  provided  the  results  are  to  be  relied 
upon,  the  composition  of  the  several  products  as  regards  nitrogen 
would  be  more  nearly  equal  in  the  case  of  this  Series  than  in  the 
former  one,  and  also  that  the  percentage  of  it  was  higher  in  the 
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specimens  of  the  second  Series  than  in  those  of  the  first — a 
result  which  would  have  to  be  attributed  to  the  more  or  less 
direct  influence  of  the  manure. 

The  plants  of  Series  3,  having  an  ammoniacal  manure,  were 
so  manifestly  unhealthy  that  the  results  afforded  in  relation  to 
them  must  not  be  allowed  much  weight,  and  indeed  they  appear 
to  be  little  worthy  of  confidence. 

In  the  lower  section  of  Table  VIII.  the  comparison  is  made 
between  the  individuals  of  the  same  description  of  plant  under 
different  conditions  of  soil.  A  considerable  difference  is  here 
shown  to  be  coincident  with  the  variations  of  manuring  condition, 
and,  setting  aside  the  clover,  more  especially  in  the  cases  of  the 
wheat  and  the  peas.  The  composition  of  these  when  determined 
may,  to  a  great  extent,  elucidate  the  fact ;  indeed,  the  varying 
proportion  of  seed  to  straw  in  the  several  cases  indicates  a  pro- 
bable difference  in  this  respect ;  and  analogy  would  also  lead  us 
to  believe  that,  with  the  varying  observed  degree  of  ripeness  and 
die  experimentally  ascertained  varying  amounts  of  ash,  the  per- 
centage of  nitrogen  in  the  several  specimens  of  the  same  kind  of 
plant  would  also  vary  very  greatly.  In  support  of  this  opinion 
we  may  state,  that  analyses  already  made  of  some  of  the  products 
show  that  some  of  the  cereals  contained  nearly  twice  the  ordinary 
amount  of  nitrogen.  The  coincidences  in  this  section  are  most 
striking  in  reference  to  the  beans,  and  these,  as  has  been  already 
stated,  were  the  most  healthy  and  matured  plants  obtained  from 
the  experimental  jars.  The  three  barley  plants,  it  is  true,  show 
a  considerable  uniformity,  but,  as  has  already  been  explained, 
the  figures  given  for  the  mineral  manure  plant  are  probably 
somewhat  in  error. 

Notwithstanding  these  discrepancies,  as  yet  not  fully  and  satis- 
factorily explained,  we  cannot  but  recognise  in  the  results  thus 
far  obtained  a  very  encouraging  significance ;  and,  indeed,  it 
seems  to  us  more  than  probable,  that  future  experiments  may  fix 
a  definite  relationship  between  the  amount  of  water  given  off  and 
that  of  the  rum-nitrogenous  proximates  fixed  in  the  plant,  and 
this  even  probably  to  a  great  extent  irrespectively  of  their  exact 
composition,  provided  their  source  were  mainly  in  each  case  the 
atmosphere,  as  in  the  instances  of  the  seeding  plants  now  under 
consideration,  and  accumulating,  as  they  are  known  to  do,  their 
chief  supplies  during  the  period  of  the  most  powerful  influence 
of  heat  and  light  upon  the  plants. 

In  Table  IX.  the  amounts  of  water  passing  through  the  plant 
for  each  grain  of  substance  fixed  are  given — the  indications 
being  the  inverse  of  those  we  have  just  been  considering ;  and 
the  differences  are  of  course  dependent  on  the  same  circumstances 
as  those  already  alluded  to. 
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It  is  a  striking  fact,  that  (excepting  a  single  clover  plant,  which 
was  always  unhealthy)  there  is  in  every  case  more  than  200  grains 
of  water  passed  through  the  plant  for  one  grain  of  material  accu- 
mulated. 

Referring  to  the  column  of  water  evaporated  to  mineral  matter 
fixed,  we  see  the  amount  of  the  former  to  be,  on  an  average, 
2000  times  that  of  the  latter.  Whatever  other  explanation,  there- 
fore, we  may  receive  as  to  the  conditions  of  assumption  by  the 
plant  of  some  mineral  substances  occurring  in  it,  in  insoluble 
combinations,  we  have  here  evidence  sufficient  to  show  that  few 
of  the  substances  required  by  plants,  and  which  are  generally 
assumed  to  be  insoluble,  are  incapable  of  being  taken  up  by 
them  in  an  adequate  quantity  in  rain  water. 

It  was  our  hope  to  have  given  in  this  paper  the  results  of  the 
determinations  of  nitrogen,  in  the  various  specimens  grown  in 
the  pots,  with  the  view  of  showing  what  relation  subsisted 
between  the  amount  of  nitrogenous  proximates  fixed  in  the  plant, 
and  that  of  the  water  passed  through  it.  Unfortunately,  how- 
ever, the  laboratory  work  in  connection  with  this  branch  of  the 
inquiry  is  as  yet  not  so  far  advanced  as  to  justify  the  discussion 
of  the  numerical  results  on  this  occasion,  nor  will  our  allotted 
time  allow  us  to  do  so.  We  may,  however,  state  that,  as  far  as 
our  results  have  gone,  it  would  appear  that,  whilst  for  a  given 
quantity  of  water  evaporated  the  amount  of  wow-nitrogenous  sub- 
stances fixed  in  the  plant  is  within  somewhat  narrow  limits 
identical,  in  the  specimens  now  under  experiment  of  the  two 
natural  orders  of  plants,  that  of  the  nitrogenous  proximates  fixed 
is,  on  the  other  hand,  about  twice  as  great  in  the  Leguminosse  as 
in  the  Graminaceae.  This  is  indeed  a  significant  fact,  as  bearing 
upon  the  distinctive  functional  characters  of  the  various  plants 
which  enter  into  rotation.  It  is,  moreover,  perfectly  consistent 
with  the  results  of  our  experiments  in  the  field  with  wheat  and 
beans  respectively,  which  show  that,  under  the  same  circum- 
stances of  growth,  as  to  manure,  &c,  and  in  the  same  season, 
the  acreage  yield  of  nitrogen  is  twice  or  thrice  as  great  in  beans 
as  in  wheat. 

It  cannot  be  supposed,  however,  that  with  the  larger  amount 
of  nitrogen  harvested  in  the  Leguminous  crop  the  soil  would  be 
proportionally  exhausted  of  it,  for  common  practice  sufficiently 
teaches  that,  other  things  being  equal,  a  larger  produce  of  wheat 
would  be  obtained  after  a  bean  than  after  a  wheat  crop,  not- 
withstanding its  known  dependence  on  the  supply  of  nitrogen  in 
the  soil. 

It  may  be  supposed,  indeed,  that  here  we  have  evidence  of  a 
superior  power  in  the  Leguminous  as  compared  with  the  Grami- 
naceous plants,  of  obtaining  their  nitrogen  from  the  atmosphere 
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rather  than  from  the  soil.  However  this  may  be,  many  experi- 
ments of  our  own  have  convinced  us  that,  especially  in  the 
growth  of  the  Graminaceous  grains,  there  is  never  an  increased 
acreage  yield  of  nitrogen  in  any  degree  approaching  that  supplied 
by  manure ;  and,  independently  of  results  of  a  more  direct  and 
practical  kind,  it  has  been  observed  by  several  experimenters, 
that  during  the  growth  of  plants  there  is  a  constant  evolution  of 
nitrogen  from  their  leaves. 

Thus  De  Saussure,  in  his  *  Recherches  Chimiques  sur  la  V6gd- 
tation,'  pp.  40-43,  gives  the  results  of  experiments  on  this  subject, 
and  he  comes  to  the  conclusion  that  the  amount  of  nitrogen  given 
off  bears  a  direct  relation  to  that  of  oxygen  assimilated  by  the 
plant  from  the  absorbed  carbonic  acid.  His  experiments,  more- 
orer,  were  made  with  the  Vetch,  which,  as  will  be  remembered, 
is  a  member  of  the  Leguminous  family  of  plants,  in  which,  as 
compared  with  the  Graminaceous  family,  we  would  suppose  the 
erolution  of  nitrogen  to  be  less  considerable. 

Daubeny,  again,  in  his  *  Memoir  on  the  Action  of  Light  upon 
Plants,  and  of  Plants  upon  the  Atmosphere/  in  the '  Philosophical 
Transactions  for  1836/  Part  I.,  arrives  at  a  somewhat  similar 
remit ;  whilst  more  recently  Draper,  in  his  *  Chemistry  of  Plants/ 
pp.  184,  185,  and  context,  ascertained  in  several  experiments  the 
amount  of  nitrogen  given  off  during  the  growth  of  plants,  and 
leeks  to  establish  the  following  conclusions:  that  "when  the 
leaves  of  plants  under  the  influence  of  light  decompose  carbonic 
acid,  they  assimilate  all  the  carbon,  and  a  certain  proportion  of 
oxjgen  disappears;  at  the  same  time  they  emit  a  volume  of 
nitrogen  equal  to  that  of  the  oxygen  consumed*  This  disap- 
pearance of  oxygen  and  appearance  of  nitrogen  are  thus  con- 
nected with  each  other :  they  are  equivalent  phenomena.  The 
emission  of  nitrogen  is  thus  shown  not  to  be  a  mere  accidental 
result,  but  to  be  profoundly  connected  with  the  whole  physio- 
logical action  At  this  stage  of  the  inquiry  a  remarkable 

analogy  appears  between  the  function  of  digestion  in  animals  and 
the  same  functions  in  plants.  Liebig  has  shown  how,  from  the 
transformation  of  the  stomach  itself,  food  becomes  acted  upon, 
&nd  is  turned  into  chyme ;  an  obscure  species  of  fermentation, 
brought  about  by  the  action  of  nitrogenized  bodies.  So  in  like 
manner,  in  plants,  the  decay  of  a  nitrogenized  body  is  intimately 
connected  with  the  assimilation  of  carbon ;  for,  as  I  have  stated, 
the  process  here  under  discussion  is  a  true  digestive  and  not  a 
respiratory  process.  And  as  there  are  facts  which  seem  to  show 
that  the  primary  action  of  the  light  is  not  upon  the  carbonic  acid, 
hot  upon  the  nitrogenized  ferment,  the  decomposition  of  the  gas 
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ensuing  as  a  secondary  result,  is  it  not  probable  that  Chlorophyl 
is  the  body  which  in  vegetables  answers  to  the  Chyle  of  animals? 
The  oxygen  which  disappears  during  the  decomposition  of  car- 
bonic acid,  disappears  to  bring  about  the  eremacausis  of  the  nitro- 
genized  body.  And  have  not  the  gum,  the  starch,  the  lignin, 
and  other  carbonaceous  constituents  of  plants,  all  originally 
existed  in  and  passed  through  the  green  stage  ?  " 

Mulder,  again,  from  purely  chemical  considerations,  and,  like 
the  observers  alluded  to  above,  altogether  independently  of  the 
important  practical  application  of  the  phenomena  to  which  we 
wish  to  direct  attention,  admits  the  constant  evolution  of  nitrogen 
during  the  growth  of  plants,  and  that  the  source  of  this  nitrogen 
must  obviously  be  the  compounds  containing  it  already  existing 
in  the  plants;  but  he  maintains,  with  more  or  less  apparent 
reason,  that  the  relation  of  nitrogen  given  off  to  that  of  oxygen 
assimilated  from  the  absorbed  carbonic  acid  must  depend  mate- 
rially upon  the  composition  of  the  compounds  to  be  formed. 
Thus,  referring  to  Draper's  experiments,  he  says  (see  his  *  Che- 
mistry of  Vegetable  and  Animal  Physiology,'  Part  IV.,  p.  778), 
"But  this  simplicity  of  relation  is  in  my  opinion  accidental. 
The  carbonic  acid  is  employed  for  the  production  of  various 
organic  bodies,  which  cannot  possibly  be  the  same  in  all  plants. 
Consequently,  the  quantity  of  oxygen  given  off  cannot  be  a  con- 
stant one.  This  variety  of  product  also  renders  it  impossible 
that  a  constant  amount  of  nitrogenous  substance  should  be  re- 
quired for  the  decomposition  of  the  carbonic  acid." 

It  may  be  taken,  then,  as  a  well-ascertained  fact,  that  the 
evolution  of  nitrogen  is  a  constant  and  coincident  attendant  on 
the  growth  and  accumulation  of  a  plant ;  whilst  it  would  seem 
that  both  the  results  of  practice  and  the  reasonings  of  the  chemist 
would  lead  us  to  suppose  that  this  loss  is  greater  in  some  cases 
than  in  others. 

Let  it  once  be  admitted  in  agricultural  science  that  there  is  a 
definite  expenditure  or  consumption  of  the  nitrogenous  bodies 
derived  through  the  roots  connected  with  the  fixation  and  elabo- 
ration of  certain  constituents  of  plants,  and  that  this  is  greater 
or  less  according  to  the  sources  or  the  exact  composition  or  state 
of  elaboration  of  the  products,  and  an  important  step  will  be 
gained  towards  a  clearer  conception  of  the  principles  involved  in 
the  alternation,  in  a  course  of  cropping,  of  plants  of  varying 
products  and  habits  of  growth.  In  one  of  our  papers  On  Agri- 
cultural Chemistry  in  the  'Journal  of  the  Royal  Agricultural 
Society '  (Part  I.,  1847),  we  have  ventured  an  opinion  as  to  the 
probable  amount  of  nitrogen  required  in  the  manure  of  wheat  to 
yield  a  given  amount  of  it  in  the  increased  produce.  Since  that 
time  we  have  accumulated  much  additional  evidence  on  this 
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point,  which  will  enable  us  to  modify  or  confirm  the  estimate 
already  hazarded,  but  which  it  is  not  the  object  or  the  province 
of  this  paper  to  discuss :  the  results  yet  to  be  obtained,  however, 
in  continuation  of  the  inquiry  constituting  the  subject  of  this 
report,  will,  it  is  anticipated,  furnish  further  data  bearing  upon 
this  important  question. 

Before  concluding  these  observations,  it  seems  fitting  to  call 
attention  to  some  incidental,  yet  important  indications  of  these 
and  other  of  our  experiments.  Granting,  as  the  conjoint  results 
of  the  field  and  of  the  experimental  plants  here  under  discussion 
would  show,  that,  under  equal  circumstances  of  growth,  and 
coincidently  with  the  passage  into  the  plant  of  the  same  amount 
of  aqueous  fluid  from  the  soil,  the  Leguminous  plants  will  yield 
a  produce  varying  but  little  in  gross  amount  from  that  of  the 
Graminaceae,  but  containing  a  much  higher  percentage,  and, 
consequently,  total  quantity  of  nitrogen,  it  would,  on  the  view 
that  the  analysis  of  a  crop  should  indicate  the  manure  required 
for  its  growth,  at  once  be  decided  that,  of  their  organic  con- 
stituents, the  Leguminous  plants  should  be  liberally  supplied 
with  nitrogen,  and  the  Graminaceae  rather  with  carbon.  But  is 
this  consistent  with  common  usage  or  the  dictates  of  experiment  ? 
The  low  nitrogenized  and  highly  carbonaceous  Graminaceous  crop 
requires  for  its  luxuriant  growth  a  large  supply  of  nitrogen  by 
manure ;  but  with  this  it  seems  practically  independent  of  sup- 
plied carbon,  whilst  the  highly  nitrogenized  Leguminous  plants 
are,  other  things  being  equal,  by  no  means  strikingly  benefited 
by  nitrogenous  manures.  We  had,  indeed,  at  one  time  supposed 
that  clover  was  greatly  dependent  on  an  artificial  provision  of 
nitrogen,  but  this  view  does  not  appear  to  be  favoured  by  further 
investigation ;  whilst  with  it,  as  well  as  with  those  Leguminous 
plants  valued  in  agriculture  for  their  seeds,  a  mineral,  and  espe- 
cially an  alkaline  manure,  seems  to  be  more  prominently  indi- 
cated. 

Again,  judging  from  the  composition  of  the  ash  of  the  turnip, 
which  shows  both  in  the  leaf  and  in  the  bulb  a  proportion  of 
alkalies  to  phosphoric  acid  of  4  or  5  to  1,  we  should  be  led  to 
decide  that  the  former,  rather  than  the  latter,  were  usually  and 
specially  the  more  appropriate  manure  for  the  turnip.  Common 
practice  has,  however,  definitely  determined  in  favour  of  phos- 
phoric acid  rather  than  on  the  alkalies. 

Indeed,  the  whole  tendency  of  agricultural  investigation  seems 
to  show  the  fallacy  of  alone  relying  upon  the  knowledge  of  the 
composition  of  a  crop,  as  directing  to  the  constituents  probably 
more  specially  required  to  be  provided  for  it  by  manures,  and 
father  that  the  elucidation  of  agricultural  principles  must  be 
looked  for  from  a  due  consideration  of  vegetable  physiology  as 
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well  as  chemistry— of  the  special  functional  peculiarities  and 
resources  of  different  plants,  as  well  as  their  actual  percentage 
composition. 

We  are  convinced,  indeed,  that  however  important  and  useful 
miscellaneous  agricultural  analyses  may  be,  the  interest  and 
progress  of  agriculture  would  be  more  surely  and  permanently 
served,  if  its  great  patron  Societies  were  to  permit  to  their  scien- 
tific officers  a  wider  range  of  discretion,  and  more  liberal  means 
for  the  selection  and  carrying  out  of  definite  questions  of  research. 
Results  of  this  kind  promise,  it  is  true,  but  little  prospect  of 
immediate  and  direct  practical  application,  but  by  their  aid  the 
uncertain  dictates,  whether  of  common  experience,  theory,  or 
speculation,  may,  ere  long,  be  replaced  by  the  unerring  guidance 
of  principles ;  and  then  alone  can  it  reasonably  be  anticipated 
that  miscellaneous  and  departmental  analyses  may  find  their  true 
interpretation,  and  acquire  a  due  and  practical  value. 
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EVAPORATION  OF  EVERGREEN  AND 
DECIDUOUS  TREES. 


In  the  month  of  December,  1849,  I  selected  from  a  nursery 
garden  three  plants  each,  of  the  twelve  kinds  named  below; 
they  were  fine  healthy  plants,  of  a  size  well  adapted  for  trans- 
planting ;  and  although  the  three  plants  of  a  similar  description 
resembled  each  other  as  nearly  as  it  was  possible  to  determine  by 
the  eye,  the  nature  of  their  differences  prevented  any  close  agree- 
ment between  plants  of  different  descriptions.  For  instance,  the 
Ash,  Larch,  Oak,  and  Sycamore,  had  each  one  stem  of  small 
branches,  while  the  two  Berberries,  the  Laurels,  and  the  Yew, 
were  bushy  shrubs.  One  plant  of  each  sort  was  planted  in  a 
garden,  another  was  reserved  for  the  experiments  to  be  recorded, 
and  a  third  was  weighed,  after  having  the  earth  washed  carefully 
from  the  root  The  following  Table  will  give  some  idea  of  the 
comparative  size  of  the  plants  under  experiment : — 


Weight  of 
Plant.' 

Weight  of 
Green  Leaves. 

In  ou 

.and  gra. 

In  ozs.  and  grs. 

15 

160 

Portugal  Laurel 

18 

3  350 

Evergreen  Berberry 

3 

160 

1  132 

Yew   

22 

330 

Holly   

16 

10 

1  316 

Common  Laurel  .. 

24 

260 

9  121 

Ilex  

4 

280 

0  434 

4 

170 

Oak  

2 

370 

Deciduous  Berberry 

7 

240 

Ash  

4 

40 

2 

24 

Zinc  pots,  about  20  inches  deep  and  36  inches  in  circumference, 
*ere  filled  with  good  garden  mould,  mixed  with  loam,  and  a  tree 
*as  planted  in  each  on  the  22nd  of  December :  they  weighed 
about  42  lbs.  each ;  on  the  surface  of  the  pot  a  zinc  plate  was 
fixed,  having  a  hole  to  admit  the  stem ;  these  plates  did  not  fit 
*ery  close,  and  a  certain  amount  of  the  water  evaporated  is  due 
to  this  cause.  Towards  the  end  of  April  a  piece  of  oilskin  was 
placed  over  the  zinc  plate,  being  fastened  round  the  stem  of  the 
tree  by  India  rubber  string,  and  also  around  the  pot  below  the 
opening  with  an  elastic  band,  which  effectually  prevented  tX\ 
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escape  of  water  except  through  the  trees.  The  plants  were  placed 
in  an  open  shed,  protected  from  the  rain,  and  were  supplied  with 
water  from  time  to  time  as  they  seemed  to  require  it ;  the 
weights  were  taken  by  means  of  the  apparatus  described  in  the 
Journal  of  the  Horticultural  Society,  of  January  1850.  Upon 
referring  to  Table  I.  it  will  be  seen  that  a  considerable  falling  off 
in  the  water  evaporated  is  apparent  at  the  period  when  the  oil- 
skin was  put  over  the  openings  and  the  air  perfectly  excluded. 
Part  of  the  pots  were  so  covered  on  April  14th,  and  the  remainder 
on  April  24th  ;  it  appears  to  me  probable  that  the  reduction  in  the 
water  evaporated  is  not  entirely  due  to  the  water  being  prevented 
from  escaping  through  the  hole  in  the  lid,  but  that  it  is  partly 
due  to  an  injurious  effect  upon  the  plants  themselves,  some  of 
them  having  evidently  suffered. 

With  the  exception  of  the  Ilex,  which  declined  from  the 
commencement,  and  appeared  to  be  dead,  or  nearly  so,  in 
the  spring,  all  the  plants  are  alive  at  this  time,  but  not  equally 
healthy.  The  Yew  has  been  perfectly  healthy  all  the  year; 
shoots  about  2  inches  long  have  been  produced  from  each 
stem ;  it  is  quite  as  vigorous  as  one  exactly  similar  planted  in 
the  garden.  Evergreen  Berberry,  perfectly  healthy,  lost  all  its 
leaves  in  the  spring,  and  produced  fresh  ones  quite  equal  to  that 
in  the  garden.  Portugal  Laurel,  about  the  same  as  when  planted, 
has  not  grown.  Common  Laurel,  a  great  many  leaves  fallen  at 
various  times,  which  have  not  been  reproduced  ;  the  garden 
plant  much  healthier.  Spruce  Fir  produced  young  shoots  about 
2  inches  long,  which  are  now  green,  but  the  remainder  of  the 

Elant  is  brown,  and  I  should  think  would  die,  if  not  removed, 
lolly  very  healthy,  a  little  grown,  o^uite  equal  to  the  garden 
plant.  Larch  grew  well  at  first,  but  in  the  summer  the  leaves 
were  covered  with  spots  of  turpentine,  and  the  colour  of  the 
loaves  was  unhealthy;  I  should  doubt  whether  it  would  live 
another  year.  Sycamore  tolerably  healthy,  but  some  of  the  leaves 
mildewed.  Oak  and  Ash  about  the  same,  tolerably  healthy. 
Berberis  D.  healthy  all  the  year. 

Table  No.  11.,  in  which  the  amount  of  water  evaporated  is 
divided  into  periods  of  four  months,  shows  very  clearly  the 
comparative  characters  of  Evergreen  and  Deciduous  trees.  Of 
the  six  Evergreen  plants,  the  amount  of  water  evaporated  during 
the  first  four  months  was  44  per  cent  of  that  evaporated  during 
the  following  four  months ;  while  in  the  Deciduous  plants  it  was 
only  14  per  cent. :  this  would  account  for  the  large  percentage 
of  loss  when  evergreens  are  transplanted  in  winter.  In  Table 
IV.,  where  the  amount  of  water  evaporated  is  divided  into  three 
portions,  the  comparative  characters  of  the  two  descriptions  of 
plant  arc  still  more  clearly  shown. 
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Table  I. 

Loss  of  Water,  obtained  by  Weighing  various  Plants  during  a  Period  of 
Twelve  Months.— Actual  Hcsults  of  Loss  in  Grains. 


* 

N  LHn  1  *:  r  nl 

Gr&ios 

Urn 
per  Diem, 

M-nii  JY,M- 

ponium  of 
Lay  ;  Fthr. 

tuelrr. 

Dec  22 
Jul  3 
Jan.  13 
Jan.  23 
Feb.  3 
Feb.  13 
Feb.  23 
Mir.  5 
Mar.  15 
Mar.  25 
Apr.  4 
Apr.  14 
Apr.  24 
May  4 
May  14 
May  24 
Jane  3 
Jane  13 
foe  23 
July  23 
Aug.  22 
Sept  21 
Oct  21 
Not.  20 


to  Jan. 
to  Jan. 
to  Jan. 
to  Feb. 
to  Feb. 
to  Feb. 
to  Mar. 
to  Mar. 
to  Mar. 
to  Apr. 
to  Apr. 
to  Apr. 
to  May 
to  May  14 
to  May  24 
to  June  3 
to  June  13 
to  June  23 
to  July  23 
to  Aug.  22 
to  Sept  21 
to  Oct.  21 
to  Nov.  20 
to  Dec  31 


3 
13 
23 

3 
13 
23 

5 
15 
25 

4 
14 
24 

4 


Dee.  22  to 
Jan.  3  to 
13  to 
23  to 
3  to 
Feb.  13  to 
Feb.  23  to 


Jan. 
Jan. 

Feb. 


23 
3 


Mar. 
Mar. 
Mar. 

Apr. 
Apr. 

May 
Jose 


5  to 
15  to 
25  to 
4  to 
14  to 
24  to 
4  to 
14  to 
24  to 
3  to 
Jane  13  to 
Jane  23  to 
Jaly  23  to 
Aug.  22  to 
Sept  21  to 
Oct  21  to 
Nov.  20  to 


Jan.  3 
Jan.  13 
Jan. 
Feb. 
Feb.  13 
Feb.  23 
Mar.  5 
Mar.  15 
Mar.  25 
Apr.  4 
Apr.  14 
Apr.  24 
May  4 
May  14 
May  24 
June  3 
June  13 
June  23 
July  23 
Aug.  22 
Sept  21 
Oct  21 
Nov.  20 
Dec.  31 


SPRUCE  FIB. 


12 

4,620 

385  0 

30-50 

1-18 

10 

1,415 

141-5 

32*15 

0*06 

10 

2,645 

264*5 

28-20 

0-86 

11 

2,320 

2109 

31  18 

0*24 

10 

3,195 

319-5 

40-95 

1-40 

10 

3,645 

364*5 

44-20 

200 

10 

2,660 

266-0 

41-65 

1-60 

10 

3,140 

314-0 

39*80 

3-70 

10 

3,330 

333  0 

35-35 

4-76 

10 

6,160 

6160 

40*40 

5*46 

10 

3,110 

311-0 

49*35 

2*03 

10 

2,505 

250*5 

47-75 

2-50 

10 

3,295 

329-5 

45-60 

9*66 

10 

2,480 

248*0 

47-40 

3-00 

10 

2,880 

288-0 

52-75 

4-30 

10 

4,550 

455-0 

56*30 

5-13 

10 

5,520 

552-0 

59*10 

8-80 

10 

8,800 

880-0 

56-55 

9*86 

30 

17,670 

589-0 

61-96 

4-61 

30 

11,300 

376-6 

62  13 

2-10 

30 

11,260 

375-3 

53*90 

4*97 

30 

11,680 

389-3 

49-21 

2-21 

30 

4,530 

151-0 

43*86 

1*18 

41 

1,640 

400 

38*57 

0-18 

PORTUGAL  LAUREL. 

12 

3,960 

330 

30-50 

1-18 

10 

1,300 

130 

32-15 

0'06 

10 

1,840 

184 

28-20 

0*86 

11 

1,760 

160 

31-18 

0-24 

10 

3,550 

355 

40-95 

1*40 

10 

3,400 

340 

44-20 

2-00 

10 

3.010 

301 

41-65 

1-60 

10 

3,440 

344 

39*80 

3-70 

10 

5,190 

519 

35-35 

4-76 

10 

4,230 

423 

40-40 

5*46 

10 

4,740 

474 

49*35 

2-03 

10 

3,320 

332 

47-75 

2-50 

10 

3,900 

390 

45-60 

9-66 

10 

3,510 

351 

47-40 

3-00 

10 

5,080 

508 

52*75 

4-30 

10 

8,540 

854 

56*30 

5-13 

10 

9,120 

912 

59*10 

8-80 

10 

11,160 

1116 

56-55 

9*86 

30 

30,390 

1013 

61-96 

4-61 

30 

31,840 

1061-3 

6213 

2*10 

80 

26,670 

889 

58-90 

4-97 

30 

18,520 

617-8 

49-21 

2-21 

30 

5,660 

1887 

43*86 

>  1-18 

..  i 

41  , 

2,270 

55-3 

38- 57 
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Table  I. — continued. 


Dates. 

N  amber 
1 ^ 

Nurnijw  of 

(j  rains 
E  raj*  mated. 

L» 

per  Diem. 

MnjiD  Ttin- 
[t-'j-.LUjri''-  i.j f 
tUv  ;  l-'.ihr. 

iijRff> 

meter, 

EVI 

1RGREEN  BEEBJ 

5RIS. 

—  

1 

Dec. 

22 

to 

Jan. 

3  ..  .. 

12 

1,810 

150-8 

30*50 

1*18 

Jan. 

3 

to 

Jan. 

13  ..  .. 

10 

745 

74-5 

32*15 

0-06 

Jan. 

13 

to 

Jan. 

23  .. 

10 

810 

81-0 

28*20 

0*86 

Jan. 

23 

to 

Feb. 

3  ..  .. 

11 

875 

79-5 

31*18 

0*24 

Feb. 

3 

to 

Feb. 

13  ..  .. 

10 

1,860 

186-0 

40*95 

1-40 

Feb. 

13 

to 

Feb. 

23  ..  .. 

10 

2,940 

294 

44*20 

2'00 

Feb. 

23 

to 

Mar. 

5  ..  .. 

10 

1,670 

167 

41*65 

1*60 

Mar. 

5 

to 

Mar. 

15  ..  .. 

10 

2,180 

218 

39*80 

3*70 

Mar. 

15 

to 

Mar. 

25  ..  .. 

10 

3,320 

332 

35*35 

4-76 

Mar. 

25 

to 

Apr. 

4  ..  .. 

10 

2,660 

266 

40*40 

5*46 

Apr. 

4 

to 

Apr. 

14  ..  .. 

10 

2,620 

262 

49*35 

2*03 

Apr. 

14 

to 

Apr. 

24  ..  .. 

10 

3,040 

304 

47*75 

2*50 

Apr. 

24 

to 

Mjay 

4  ..  .. 

10 

2,330 

233 

45*60 

9*66 

May 

4 

to 

May 

14  ..  .. 

10 

1,640 

164 

47*40 

3*00 

May 

14 

to 

May 

24  ..  .. 

10 

2,870 

287 

52*75 

430 

May 

24 

to 

June 

3  ..  .. 

10 

5,950 

595 

56*30 

5*13 

Jane 

3 

to 

June 

13  ..  .. 

10 

9,020 

902 

59-10 

8-80 

June 

13 

to 

June 

23  ..  .. 

10 

7,750 

775 

56*55 

9*86 

June 

23 

to 

July 

23  ..  .. 

30 

31,160 

1038*6 

61*96 

4*61 

July 

23 

to 

Aug. 

22  ..  .. 

30 

26,180 

872-7 

62*13 

2-10 

Aug. 

22 

to 

Sept. 

21  ..  .. 

30 

22,510 

750-3 

53*90 

4*97 

Sept 

21 

to 

Oct 

21  ..  .. 

30 

17,170 

572-3 

49*21 

2*21 

Oct. 

21 

to 

Nov. 

20  ..  .. 

30 

5,540 

184*7 

43*86 

1*18 

Nov. 

20 

to 

Dec. 

31  ..  .. 

41 

1,700 

41-5 

38*57 

0*18 

YEW. 


Dec. 

22 

to 

Jan. 

3  ..  .. 

12 

3,720 

310*0 

30*50 

1*18 

Jan. 

3 

to 

Jan. 

13  ..  .. 

10 

1,795 

179*5 

32*15 

0*06 

Jan. 

13 

to 

Jau. 

23  ..  .. 

10 

1,985 

198*5 

28*20 

0-86 

Jan. 

23 

to 

Feb. 

3  ..  .. 

11 

2,420 

220 

31*18 

0*24 

Feb. 

3 

to 

Feb. 

13  ..  .. 

10 

3,650 

365 

40-95 

1-40 

Feb. 

13 

to 

Feb. 

23  ..  .. 

10 

4,630 

463 

44*20 

2-00 

Feb. 

23 

to 

Mar. 

5  ..  .. 

10 

4,300 

4*0 

41-65 

1*60 

Mar. 

5 

to 

Mar. 

15  ..  .. 

10 

4,800 

480 

39*80 

3-70 

Mar. 

15 

to 

Mar. 

25  ..  .. 

10 

5,370 

537 

35*35 

4-76 

Mar. 

25 

to 

Apr. 

4  ..  .. 

10 

7,480 

748 

40*40 

5*46 

Apr. 

4 

to 

Apr. 

14  ..  .. 

10 

7,090 

709 

49*35 

2*05 

Apr. 

14 

to 

Apr. 

24  ..  .. 

10 

8,160 
8,700 

816 

47*75 

2*50 

Apr. 

24 

to 

May 

4  ..  .. 

10 

870 

45*60 

9*66 

May 

4 

to 

May 

14  ..  .. 

10 

4,450 
7,020 

445 

47*40 

3-00 

May 

14 

to 

May 

24  ..  .. 

10 

702 

52*75 

4*30 

May 

24 

to 

June 

3  ..  .. 

10 

9,750 

975 

56*30 

5-13 

June 

3 

to 

June 

13  ..  .. 

10 

8,505 

850-5 

59*10 

8-80 

June 

13 

to 

June 

23  ..  .. 

10 

9,555 

955*5 

56-55 

9*86 

June 

23 

to 

July 

23  ..  .. 

30 

30,370 

1012*3 

61-96 

4*61 

July 

23 

to 

Aug. 

22  ..  .. 

30 

24,285 

809*5 

62-13 

2*10 

Aug. 

22 

to 

Sept. 

21  ..  .. 

30 

21,845 

728*2 

53*90 

4*97 

Sept 

21 

to 

Oct 

21  ..  .. 

30 

20,060 

668-6 

49*21 

2-21 

Oct. 

21 

to 

Nov. 

20  ..  .. 

30 

6,590 

219*6 

43*86 

1*18 

Nov. 

20 

to 

Dec. 

31   ..  .. 

41 

730 

17*8 

38-57 

0*18 
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Dates. 

Number 
of 
Day* 

Number  of 

0  rains 
Evaporated. 

Loas 
per  Diein. 

Mean  Tem- 
perature of 
Day;  Fahr. 

Hygro- 
meter. 

HOLLY. 

Dec 

22  to 

Jan. 

3  .. 

12 

1,800 

150*0 

30*50 

1-18 

Jan. 

3  to 

Jan. 

13  ..  .. 

10 

610 

61*0 

32*15 

0*06 

Jan. 

13  to 

Jan. 

23  ..  .. 

10 

845 

84*5 

28*20 

0*86 

Jan. 

33  to 

Feb. 

3  .. 

11 

1,125 

102*2 

31*18 

0*24 

Feb. 

3  to 

Feb. 

13  .. 

10 

2,070 

207 

40*95 

1*40 

Feb. 

13  to 

Feb. 

23  ..  .. 

in 
tu 

276 

44*20 

2*00 

Feb. 

23  to 

liar. 

5  .. 

10 

1,820 

182 

41*65 

1*60 

Mar. 

5  to 

Mar. 

15  .. 

10 

2,640 

264 

39*80 

3*70 

Mar. 

15  to 

Mar. 

25  . . 

10 

3,200 

320 

35*35 

4*76 

Mar. 

25  to 

Apr. 

4  ..  .. 

10 

2,590 

259 

40*40 

5*46 

Apr. 

4  to 

Apr. 
Apr. 

14  ..  .. 

10 

2,620 

262 

49*35 

2*03 

Apr. 

14  to 

24  ..  .. 

10 

1,700 

170 

47*75 

2*50 

24  to 

May 

4  ..  .. 

10 

2,300 

230 

45*60 

9*66 

4  to 

May 

14  ..  .. 

10 

1,400 

140 

47*40 

3*00 

May 

14  to 

May 

24  ..  .. 

10 

2,130 

213 

52*75 

4-30 

24  to 

June 

3  ..  .. 

10 

3,225 

322-5 

56*30 

5*13 

Jane 

3  to 

June 

13  ..  .. 

10 

2,915 

291*5 

59' 10 

8*80 

Jtne 

13  to 

June 

23  ..  .. 

10 

2,370 

237 

56*55 

9*86 

June 

23  to 

July 

23  .. 

30 

9,140 

304*7 

61*96 

4*61 

July 

23  to 

Aug. 

22  ..  .. 

30 

10,100 

336-6: 

62*13 

2*10 

22  to 

Sept. 

21  ..  .. 

30 

7,150 

238*3 

53*90 

4*97 

sept 

21  to 

Oct 

21  ..  .. 

SO 

7,820 

260*6 

49*21 

2*21 

Oct 

21  to 

Not. 

20  ..  .. 

30 

3,780 

126 

43*86 

1*18 

Not. 

20  to 

Dec 

31  .. 

41 

1,500 

37*6 

38-57 

0*18 

Dec  22 

Jan.  3 

Jan.  13 

Jan.  23 

Feb.  3 

Feb.  13 

Feb.  23 

Mar.  5 

Mar.  15 

Mar.  25 

Apr.  4 

Apr.  14 

Apr.  24 

May  4 

May  14 

May  24 

June  3 

June  13 

June  23 

July  23 

Aug.  22 

Sept  21 

Oet  21 

•Not.  20 


3 
13 
23 

3 
13 
23 

5 
15 


to  Jan. 
to  Jan. 
to  Jan. 
to  Feb. 
to  Feb. 
to  Feb. 
to  Mar. 
to  Mar. 
to  Mar.  25 
to  Apr.  4 
to  Apr.  14 
to  Apr.  24 
to  May  4 
to  May  14 
to  May  24 
to  June  3 
to  June  13 
to  June  23 
to  July  23 
to  Aug.  22 
to  Sept  21 
to  Oct  21 
to  Nor.  20 
to  Dec  31 


COMMON  LAUREL. 


12 
10 
10 
11 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
30 
30 
80 
30 
30 
41 


2,718 
1,802 
1,895 
2,415 
3,715 
3,895 
3,250 
4,270 
4,910 
4,890 
5,460 
4,220 
7,160 
8,240 
12,375 
13,795 
12,590 
11,590 
37.450 
26,640 
22,940 
16,520 
6,110 
2,030 


226*5 

30*50 

1*18 

180*2 

32*15 

0*06 

189*5 

28-20 

0*86 

219*5 

31*18 

0*24 

371*5 

40*95 

1*40 

389*5 

44*20 

2-00 

325 

41*65 

1*60 

427 

39*80 

3-70 

491 

35*35 

4*76 

489 

40*40 

5-46 

546 

49*35 

2*03 

422 

47*75 

2*50 

716 

45*60 

9*66 

824 

47*40 

300 

1237*5 

52*75 

4*30 

1379*5 

56*30 

5*13 

1259 

59*10 

8*80 

1159 

56*55 

9-86 

1248-3 

61*96 

4-61 

888 

62*  13 

2*10 

764*6 

53*90 

4*97 

550*6 

49*21 

2*21 

203*6 

43*86 

1-18 

49*5 

38*57 

0*18 

Evaporation  of  Evergreen  and  Deciduous  Trees. 
Table  I. — continued. 


Dates. 

Number 
of 
Days. 

Number  of 

Grains 
Evaporated. 

Loss 
per  Diem. 

Mean  Tern-  CTw-w_ 

i 

Dec.  22 

Jan.  3 
Jan. 
Jan. 
Feb. 

Feb.  13 

Feb.  23 

Mar.  5 

Mar.  15 

Mar.  25 

Apr.  4 

Apr.  14 

Apr.  24 

May  4 

May  14 

May  24 

June  3 

Jane  13 

Jane  23 

July  23 

Aug.  22 

Sept  21 

Oct  21 

Nov.  20 


13 
23 

3 


to  Jan. 
to  Jan. 
to  Jan. 
to  Feb. 
to  Feb. 
to  Feb. 
to  Mar. 
to  Mar. 
to  Mar. 
to  Apr. 
to  Apr. 
to  Apr. 
to  May 
to  May 
to  May 
to  June 
to  June 
to  June 
to  July 
to  Aug. 
to  Sept. 
to  Oct 
to  Nov. 
to  Dec. 


3 
13 
23 

3 
13 
23 

5 

15 
25 

4 
14 
24 

4 
14 
24 

3 
13 
23 
23 
22 
21 
21 
20 
31 


Dec. 
Jan. 
Jan. 
Jan. 
Feb. 
Feb. 
Feb. 
Mar. 
Mar. 
Mar  25 
Apr.  4 
Apr.  14 
Apr.  24 
May  4 
May  14 
May  24 
June  3 
June  13 
June  23 
July  23 
Aug.  22 
Sept.  21 
Oct  21 
Nov.  20 


3 
13 
23 

3 
13 
23 

5 
15 
25 

4 
14 


to  Jan. 
to  Jan. 
to  Jan. 
to  Feb. 
to  Feb. 
to  Feb. 
to  Mar. 
to  Mar. 
to  Mar. 
to  Apr. 
to  Apr. 
to  Apr.  24 
to  May  4 
to  May  14 
to  May  24 
to  June  3 
to  June  13 
to  June  23 
to  July  23 
to  Aug.  22 
to  Sept.  21 
to  Oct.  21 
to  Nov.  20 
to  Dec.  31 


ILEX. 


12 

980 

81'  7  ■ 

30*50 

1-18 

10 

870 

37 

32*15 

0*06 

10 

820 

82 

28*20 

0*86 

11 

580 

52' 7 

31*16 

0-24 

10 

240 

24 

40*95 

1*40 

10 

1,350 

135 

44*20 

2*00 

10 

580 

58  1 

41-65 

1-60 

10 

1,130  1 

113 

39*80 

3*70 

10 

2,600  j 

260 

35*35 

4*76 

10 

1,020  1 

102 

40-40 

5-46 

10 

1,180  1 

113 

49*35 

2*08 

10 

160  1 

16 

47-75 

2-50 

10 

380 

33 

45-60 

9*66 

10 

240  1 

24 

47*40 

3*00 

10 

260 

26  1 

52-75 

4-80 

10 

650 

65  i 

56-30 

5-18 

10 

234  j 

23*4 

59*10 

8-80 

10 

296  ! 

29*6 

56*55 

9-86 

30 

480 

16 

61-96 

4  61 

30 

600 

20 

62*13 

2*10 

30 

180 

6 

53-90 

4*97 

30 

800 

26*6 

49*21 

2-21 

30 

140 

4*6 

43*86 

1-18 

41 

860  : 

8*8 

88-57 

0-18 

LABOH. 

12 

640 

533 

30-50 

1*18 

10 

100 

10* 

8215 

0*06 

10 

125 

125 

28-20 

0-86 

11 

215 

19*5 

81  18 

0*24 

10 

610 

61 

40*95 

1-40 

10 

|      1 ,070 

107 

44*20 

2*00 

10 

450 

45 

41*65 

1*60 

10 

1,040 

104 

39-80 

3- TO 

10 

2,040 

204 

35*85 

4-76 

10 

1,440 

144 

40*40 

5-46 

10 

1,580 

158 

49*85 

2-08 

10 

2,260 

226 

47-75 

990 

10 

!  960 

96 

45*60 

9-66 

10 

1  720 

72 

47-40 

8*00 

10 

1,270 
1  1,680 

127 

52*75 

4-80 

10 

168 

66-80 

5-18 

10 

2,160 

216 

59- 10 

8*80 

10 

3,000 
16,690 

300 

56*55 

9-86 

30 

556-3 

61*96 

4*61 

30 

26,050 

868-3 

62*13 

2-10 

30 

24,850 

828*3 

58*90 

4-97 

30 

21,580 

719-3 

49  21 

2*21 

30 

3,320 

110-6 

43-86 

1-18 

41 

450 

11*0 

88-57 

0*18 

Evaporation  of  Evergreen  and  Deciduous  Trees.  9 


Tablb  I. — continued. 


Dates.          ly-gJ  llS£-f 

|0f  ^  Evaporated. 

Lots  per 
Diem. 

Mean  Tem- 
perate re  of 
Day;  Fahr. 

Hygro- 
meter. 

1 

OAK. 


Dec 

22 

to  Jan.    3  .. 

12 

660 

55 

30-50 

1*18 

Jan. 

3 

to  Jan.  13  ..  .. 

10 

150 

15 

32-15 

0*06 

Jul 

13 

to  Jan.  23  ..  .. 

10 

125 

12*5 

28*20 

0*86 

Jin. 

23 

to  Feb.    3  ..  .. 

11 

155 

14-1 

31*18 

0-24 

Feb. 

3 

to  Feb.  13  ..  .. 

10 

190 

19 

40-95 

1*40 

Feb. 

13 

to  Feb.  23  .. 

10 

200 

20 

44' 20 

2*00 

Feb. 

23 

to  Mar.  5  ..  .. 

10 

390 

39 

41*65 

1*60 

Mar. 

5 

to  Mar.  15  ..  .. 

10 

790 

79 

39*80 

8*70 

Mar. 

15 

to  Mar.  25  ..  .. 

10 

2,110 

211 

35*35 

4-76 

Mar. 

25 

to  Apr.    4  .. 

10 

1,290 

129 

40-40 

5-46 

Apr. 

4 

to  Apr.  14  .. 

10 

900 

90 

49*35 

2*03 

Apr- 

14 

to  Apr.  24  ..  .. 

10 

1,550 

155 

47*75 

2*50 

ir- 

24 

to  May   4  ..  .. 

10 

10 

1 

45*60 

9*66 

4 

to  May  14  ..  .. 

10 

210 

21 

47*40 

3*00 

14 

to  May  24  ..  .. 

10 

270 

27 

52-75 

4*30 

24 

to  June  3  .. 

10 

1,220 

122 

56*30 

5*13 

Joe 

3 

to  Jane  13  .. 

10 

1,590 

159 

59*10 

8*80 

Jue 

13 

to  Jane  23  .. 

10 

2,390 

239 

56-55 

9-86 

Joae 

23 

to  July  23  ..  .. 

30 

11,710 

390-3 

61-96 

4-61 

Jary 

23 

to  Aug.  22  .. 

30 

17,650 

588-3 

62  13 

2*10 

Aug. 

22 

to  Sept  21  ..  .. 

30 

17,730 

591 

53-90 

4*97 

Sept. 

21 

to  Oct.  21  .. 

30 

13,950 

465 

49-21 

2-21 

Oct 

21 

to  Nov.  20  . . 

30 

4,460 

148*6 

43*86 

1*18 

Nov. 

20 

to  Dec.  31  .. 

41 

890 

2W 

88-57 

0*18 

DECIDUOUS  BERBERIS. 

Dee. 

22 

to  Jan.    3  .. 

• 

12 

820 

68-3 

30*50 

1*18 

Jul 

3 

to  Jan.  13  .. 

10 

155 

155 

32*15 

0-06 

Jan. 

13 

to  Jan.  23  ..  -• 

10 

190 

19 

28*20 

0-86 

Jan. 

23 

to  Feb.    3  ..  .. 

U 

185 

16-8 

31*18 

0*24 

Feb. 

3 

to  Feb.  13  ..  .. 

10 

530 

53 

40*95 

1*40 

Feb. 

13 

to  Feb.  23  ..  .. 

10 

825 

82-5 

44*20 

2*00 

Feb. 

23 

to  Mar.   5  ..  .. 

10 

375 

37-5 

41-65 

1-60 

Mar. 

5 

to  Mar.  15  .. 

10 

1,240 

124 

39-80 

3-70 

Mar. 

15 

to  Mar.  25  .. 

10 

2,460 

246 

35*35 

4*76 

Mar. 

25 

to  Apr.    4  .. 

10 

3,350 

335 

40-40 

5*46 

Apr. 

4 

to  Apr.  14  .. 

10 

1,080 

108 

49-35 

2*03 

Apr. 

14 

to  Apr.  24  ..  .. 
to  May   4  ..  .. 

10 

530 

53 

47-75 

2*50 

24 

10 

2,370 

237 

45*60 

9-66 

§ 

4 

to  May  14  .. 

10 

3,180 

318 

47*40 

3- 00 

14 

to  May  24  ..  .. 

10 

5,895 

589-5 

52-75 

4*30 

May 

24 

to  Jane  3  .. 

10 

9,105 

910*5 

5630 

5-13 

Jane 

3 

to  June  13  .. 

10 

9,514 

951-4 

59*  10 

8-80 

Jane 

13 

to  June  23  . . 

10 

10,236 

1023-6 

56*55 

9*86 

Jose 

23 

to  July  23  .. 

30 

31 ,870 

1062*3 

61-96 

4-61 

Jaly 

23 

to  Aug.  22  ..  •• 

30 

30,020 

1000-6 

65M3 

2*10 

Ang. 

22 

to  Sept.  21  . . 

30 

32,990 

1099 '6 

53-90 

4-97 

Sept 

21 

to  Oct  21  .. 

30 

28,770 

959 

49*21 

2-21 

Oct 

21 

to  Nev.  20  . . 

30 

3,770 

125-6 

43-86 

118 

Nov. 

20 

to  Dec.  31  .. 

41 

550 

13-4 

38*57 

018 

10         Evaporation  of  Evergreen  and  Deciduous  Trees. 


Table  L — continued. 


Dates. 

Number 
of  Days. 

Number  of 

Grains 
Evaporated. 

Loss  per 
Diem. 

Mean  Tern- 
of  perature 
Day;  Fahr. 

Hygro- 
meter. 

ASH. 


.L/cC. 

Tnn  A 
•loll.  o 

1Q 

i  can 

IU7  5 

oU  OU 

1*  lo 

Jan. 

3  to 

Jan.  13  .. 

10 

110 

11 

32-15 

006 

13  to 

Jan.  23 

10 

100 

1U 

ft*  Oft 

Jan. 

23  to 

Feb.    3  ..  .. 

11 

100 

9-1 

31-18 

0*24 

Feb. 

3  to 

Feb.  13  ..  .. 

10 

690 

69 

40*95 

1-40 

Feb. 

13  to 

Feb.  23  ..  .. 

10 

390 

39 

44-20 

2'00 

Feb. 

23  to 

Mar.  5  ..  .. 

10 

280 

28 

41*65 

1*60 

Mar. 

5  to 

Mar.  15  ..  .. 

10 

830 

83 

39*80 

3*70 

Mar. 

15  to 

Mar.  25  ..  .. 

10 

1,830 

183 

35*35 

4*76 

Mar. 

25  to 

Apr.   4  ..  .. 

10 

1,290 

129 

40-40 

5*46 

Apr. 

4  to 

Apr.  14  ..  .. 

10 

650 

65 

49'35 

2*0S 

Apr. 

14  to 

Apr.  24  .. 

10 

340 

34 

47-75 

2*50 

Apr. 

24  to 

May   4  ..  .. 

10 

345 

345 

45*60 

9*66 

May 

4  to 

May  14  ..  .. 

10 

535 

53' 5 

47-40 

3*00 

May 

14  to 

May  24  ..  .. 

10 

1,560 

156 

52-75 

4*30 

May 

24  to 

June  3  .. 

10 

5,560 

556 

56-30 

5-13 

June 

3  to 

June  13  ..  .. 

10 

7,850 

785 

59-10 

8-80 

June 

13  to 

June  23  ..  .. 

10 

10,360 

1036 

56*55 

9-86 

June 

23  to 

July  23  ..  .. 

30 

30,210 

1007 

61-96 

4-61 

July 

23  to 

Aug.  22  ..  .. 

30 

25,500 

850 

62-13 

2-10 

Aug. 

22  to 

Sept  21  ..  .. 

30 

21,500 

716*6 

53-90 

4-97 

Sept 

21  to 

Oct  21  ..  .. 

30 

2,400 

80 

49-21 

2-21 

Oct. 

21  to 

Nov.  20  ..  .. 

30 

840 

28 

43*86 

1-18 

Nov. 

20  to 

Dec.  31  ..  .. 

41 

720 

17*6 

38-57 

0-18 

SYCAMORE. 

Dec 

22  to 

Jan.    3  ..  .. 

12 

620 

51-7 

30-50 

1-18 

Jan. 

3  to 

Jan.  13  .. 

10 

240 

24 

32*15 

0*06 

Jan. 

13  to 

Jan.  23  ..  .. 

10 

140 

14 

28-20 

0-86 

Jan. 

23  to 

Feb.    3  ..  .. 

11 

160 

14-5 

31-18 

0*24 

Feb. 

3  to 

Feb.  13  ..  .. 

10 

250 

25 

40-95 

1-40 

Feb. 

13  to 

Feb.  23  ..  .. 

10 

610 

61 

44*20 

2-00 

Feb. 

23  to 

Mar.   5  ..  .. 

10 

890 

89 

41-65 

1-60 

Mar. 

5  to 

Mar.  15  ..  .. 

10 

1,280 

128 

39*80 

3*70 

Mar. 

15  to 

Mar.  25  ..  .. 

10 

2,380 

238 

35-35 

4-76 

Mar. 

25  to 

Apr.    4  ..  .. 

10 

1,430 

143 

40-40 

5-46 

Apr. 

4  to 

Apr.  14  .. 

10 

1,650 

165 

49-35 

2-03 

Apr. 

14  to 

Apr.  24  ..  .. 

10 

80 

8 

47-75 

2*50 

Apr. 

24  to 

May   4  ..  .. 

10 

200 

20 

45-60 

9*66 

May 

4  to 

May  14  ..  .. 

10 

210 

21 

47-40 

3-00 

May 

14  to 

May  24  ..  .. 

10 

720 

72 

52-75 

4-30 

May 

24  to 

June  3  .. 

10 

4,420 

442 

56-30 

5-13 

June 

3  to 

June  13  .. 

10 

6,360 

636 

59-10 

8-80 

June 

13  to 

June  23  ..  .. 

10 

8,070 

807 

56*55 

9-86 

June 

23  to 

July  23  ..  .. 

30 

27,410 

913-6 

61-96 

4*61 

July 

23  to 

Aug.  22  ..  .. 

30 

27,990 

933 

62  13 

2-10 

Aug. 

22  to 

Sept  21  ..  .. 

30 

26,890 

896*3 

53-90 

4-97 

Sept. 

21  to 

Oct  21  ..  .. 

30 

19,150 

638*3 

49-21 

2*21 

Oct 

21  to 

Nov.  20  ..  .. 

30 

1,580 

52-7 

43-86 

1-18 

Nov. 

20  to 

Dec.  31  ..  .. 

41 

680 

16*6 

38-57 

0-18 

Evaporation  qf  Evergreen  and  Deciduous  Trees.  11 
Table  n. 

Water  Evaporated  in  periods  of  Four  Months,  by  various  Plants — Grains. 


December  23 
April  24. 

April  24 
August  22. 

Aug»t22  i 

to 

December  31. ! 

38,725 

56,595 

29,110 

Portugal  Laurel 

39,740 

104,040 

53,022 

Evergreen  Berberis 

24,530 

85,910 

46,920 

Yew  

55,400 

102,635 

49,225 

Holly   

23,780 

33,580 

20,250  | 

Common  Laurel 

43,440 

129,840 

47,600 

Ilex  

10,970 

3,090 

1,480 

11,570 

52,530 

50,200 

Oak  

8,510 

35,050 

37,030 

Deciduous  Berberis 

11,740 

102,190 

66,080 

7,900 

81,920 

25,470 

9,730 

75,380 

48,300 

Table  III. 

Water  Evaporated  in  Twelve  Months,  by  various  Plants — Grains. 


Spruce  Fir 
Portugal  Laurel  ( . . 
Evergreen  Berberis 

Yew  

Holly   

Common  Laurel   . . 

Ilex  

Larch   

Oak  

Deciduous  Berberis 

Ash  

Sycamore 


Water 

•applied  to 
SuU. 


Water 

obtained  from 
Soil. 


91,400 
156,400 
123,900 
171,400 
61,400 
181,400 
13,400 
87,400 
57,400 
137,400 
102,400 
97,400 


33,030 
40,502 
33,460 
35,860 
16,210 
39,480 
2,100 
26,900 
23,190 
42,610 
12,890 
36,010 


Total 
Evaporated. 


124,430 
196,902 
157,360 
207,260 

77,610 
220,880 

15,540 
114,300 

80,590 
180,010 
115,290 
133,410 


Table  IT. 

Table  showing  the  Periods  of  the  year  in  which  Evergreen  and  Deciduous 
Plants  Evaporate  100  Parts  of  Water. 

Evergreen.  Deciduous. 

Four  months  to  April  24                                   23  8 

, ,          August  22                                52 J  56 

December  31  24$  36 


100 


100 
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Note  upon  the  Preceding  Experiments. 

The  evaporating  power  of  the  leaves  is  one  of  the  most  im- 
portant properties  of  plants,  for  on  the  healthy  performance  of 
this  function  depend  not  merely  the  vigour  and  development  of 
the  plant,  but  also,  indeed,  its  very  existence.  Every  new  fact, 
therefore,  which  in  any  way  tends  to  elucidate  the  chemical  or 
physiological  nature  of  the  leaves,  or  which  throws  light  upon 
the  mode  in  which  they  act,  and  the  effects  produced  by  the 
various  agents  to  the  influence  of  which  they  are  naturally  sub- 
ject, is  highly  interesting.  The  preceding  experiments  were 
undertaken  with  a  view  to  ascertain  the  ratio  which  exists 
between  the  evaporating  power  of  different  leaves,  contrasting 
together  in  particular  those  of  Evergreens  and  those  of  Deciduous 
plants.  Before  making  one  or  two  remarks  which  these  experi- 
ments suggest,  it  will,  perhaps,  not  be  out  of  place  to  say  a 
few  words  respecting  some  former  investigations  on  the  same 
subject 

It  is  more  than  a  hundred  and  fifty  years  since  Dr.  Woodward 
published,  in  the  twentieth  volume  of  the  'Philosophical  Trans- 
actions of  the  Royal  Society,'  an  account  of  some  experiments  on 
vegetation,  having  for  their  especial  object  to  determine  the  eva- 
porating power  of  the  leaves.  These  experiments  were  curious, 
and  excited  a  good  deal  of  interest  at  the  time  the  results  were 
published.  Some  of  the  conclusions  drawn  from  them  were 
tolerably  accurate,  but  from  the  vague  and  uncertain  views 
which  were  then  generally  entertained  respecting  the  growth 
and  nourishment  of  plants,  the  very  facts  themselves  became,  to 
a  very  great  extent,  mystified  and  confused,  so  that  their  prac- 
tical value  was  greatly  diminished. 

Dr.  Woodward's  experiments  were  made  with  weighed  bottles 
of  water,  having  a  piece  of  parchment  tied  over  their  mouths,  in 
which  a  small  aperture  was  made,  just  sufficient  to  admit  the 
stem  of  a  plant,  but  not  so  small  as  to  confine  or  impede  its 
growth.  As  the  water  evaporated,  fresh  was  added  from  time  to 
time,  a  register  being  kept  of  the  quantity  added,  as  well  as  of 
that  which  was  lost  by  evaporation.  The  plants  were  placed 
side  by  side  in  a  window,  where  they  were  equally  exposed  to 
sunshine;  and  the  experiment  was  continued  from  the  20th  of 
July,  1691,  to  the  5th  of  October  in  the  same  year.  The 
following  was  the  result  of  one  of  these  comparative  experi- 
ments : — 
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Spearmint,  in  spring  water 
Ditto,  in  rain  water 
1  Ditto,  in  Thames  water   . . 
Nightshade,  in  spring  water 
Lathyris,  in  spring  water  . . 


Original 

Final 

Water 

Weight 

Weight 

Evaporated. 

Grains. 

Grain  a. 

Grains. 

27 

42 

2558 

28 

45 

3004 

28 

54 

2493 

49 

106 

3708 

98 

101 

2501 

Proceeding  to  compare  together  the  increase  in  weight  of  the 
plant  with  the  quantity  of  water  it  had  given  off,  Dr.  Woodward 
showed  that  in  the  case  of  the  three  plants  of  Spearmint,  it  was 
respectively  as  1  to  170,  to  171,  and  to  95  ;  whilst  in  the  instance 
of  die  Nightshade  it  was  as  1  to  65,  and  in  that  of  the  Lathyris 
is  1  to  714.  It  is  evident,  however,  that  from  such  experiments 
w>  rery  satisfactory  or  accurate  conclusion  could  well  be  drawn  ; 
they  were  repeated  and  varied  in  different  ways,  and  similar 
resalts  were  obtained.  One  of  the  most  curious  of  these  experi- 
ments was  an  attempt  to  ascertain  more  exactly  the  precise  effect 
of  different  kinds  of  water  on  the  growth  and  evaporating  power 
of  the  same  plant ;  in  this  case  six  plants  of  Spearmint  were 
suffered  to  grow  in  weighed  bottles  of  water  for  eight  weeks ;  the 
results  were  as  follows  : — 


Original 
Weight 

Increase. 

Water 
Evaporated. 

Ratio  of 
Increase  to 
Evaporation. 

Grain*. 

Grains. 

Grains. 

127 

128 

14,190 

1  to  110 

110 

139 

13,140 

1  to  94 

76 

168 

10,731 

I  to  63 

92 

284 

14.950 

1  to  52 

114 

41 

8,803 

1  to  214 

81 

94 

4,344 

1  to  46 

Spearmint 


1.  Is  Hyde  Park  water   127 

2.  Ditto  

•1.  Ditto,  with  }  an  oz.  of  soil      . .     . .  | 
4  Ditto,  with  |  an  oz.  of  garden  soil  . . 

5.  Distilled  water  

6.  Hyde  Park  water,  concentrated  by)' 

evaporation  ) 


It  was  the  common  belief  of  many  naturalists  at  the  time  that 
the  increase  in  weight  of  plants  was  in  direct  proportion  to  the 
quantity  of  water  which  passed  through  them,  or  rather  to  the 
proportion  of  it  which  became  fixed  in  their  organs  in  the  process 
of  being  absorbed  by  the  roots  and  given  off  by  the  leaves.  In 
the  experiments  just  mentioned,  the  last  plant  increased  most  in 
proportion  to  the  quantity  of  water  evaporated,  but  the  fourth 
was  the  one  which  grew  most  luxuriantly,  and  it  was  also  the 
one  which  absorbed  the  largest  quantity  of  water  in  proportion 
to  its  weight  The  plant  fed  with  distilled  water  grew  least  of 
all,  whilst  that  fed  with  spring  water  containing  a  portion  of 
garden  soil  was  by  far  the  most  flourishing. 
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These  experiments  of  Woodward  led  Dr.  Stephen  Hales  to 
make  a  number  of  curious  and  interesting  observations  on  the 
evaporating  power  of  the  leaves  of  plants,  which  he  published  in 
1727,  in  the  first  volume  of  his  celebrated  *  Statical  Essays.' 
Those  which  more  immediately  relate  to  the  present  subject  will 
be  found  in  the  first  chapter,  "on  the  quantity  of  moisture 
imbibed  and  perspired  by  plants  and  trees.  Hales* s  most  cele- 
brated experiment  was  made  in  1724  with  a  healthy  full-grown 
Sunflower,  more  than  a  yard  high,  and  which  had  been  purposely 
planted  when  young  in  a  suitable  flowerpot  The  mode  in  which 
the  experiment  was  conducted  is  best  given  in  his  own  words : — 
"  I  covered  the  pot  with  a  plate  of  thin  milled  lead,  and  cemented 
all  the  joints  fast,  so  that  no  vapour  could  pass,  but  only  air, 
through  a  small  glass  tube,  9  inches  long,  which  was  fixed  pur- 
posely near  the  stem  of  the  plant,  to  make  a  free  communication 
with  the  outward  air  and  that  under  the  leaden  plate.  I  cemented 
also  another  short  glass  tube  into  the  plate,  2  inches  long,  and 
1  inch  in  diameter.  Through  this  tube  I  watered  the  plant,  and 
then  stopped  it  up  with  a  cork ;  I  also  stopped  up  the  hole  at 
the  bottom  of  the  pot  with  a  cork." 

Matters  being  thus  arranged,  the  plant  received  a  weighed 
supply  of  water,  and  being  itself  weighed  twice  a  day  for  a  fort- 
night, the  rate  of  evaporation  was  easily  observed.  By  another 
comparative  experiment  Dr.  Hales  ascertained  the  quantity  of 
water  evaporated  every  day  by  the  porous  earthen  pot,  and  sub- 
tracted it  from  the  whole  daily  loss  sustained  by  the  Sunflower. 
The  result  showed  that  on  an  average  the  plant  evaporated  20 
ounces,  or  34  cubic  inches  of  water,  in  a  twelve  hours'  day ;  the 
maximum  proportion  being  30  ounces.  This  was  certainly  a 
very  interesting  and  remarkable  experiment,  and  it  was  rendered 
all  the  more  so  by  the  careful  and  minute  details  which  accom- 
panied its  publication ;  including  the  bulk  and  length  of  the 
roots,  and  the  exact  size  of  the  leaves.  Hales  also  measured  the 
rate  of  evaporation  of  a  Cabbage,  a  Vine,  a  young  Apple-tree,  and 
a  Lemon-tree.  The  result  of  these  experiments  is  expressed  in 
the  following  Table : — 


Entire 
Surface  of 
Leaves. 

Water 

Perspired  in 
12  noun. 

Ratio  of 
Evaporation 
to  Surface 
of  Plant. 

Sunflower 
Cabbage  .. 
Vine       ..  .. 
Apple-tree 
Lemon-tree 

Square  inches. 
5616 
2736 
1820 
1589 
2557 

Ounces. 
20 
19 

5J 

9 

ioi 

its 
* 
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The  practical  conclusion  drawn  from  these  experiments  was, 
that  the  Cabbage  evaporated  the  greatest  quantity  of  water,  and 
the  Lemon-tree  the  least.  On  repeating  it  with  other  plants  Dr. 
Hales  found  that  in  all  cases  evergreens  perspired  less  than  those 
plants  which  shed  their  leaves  in  the  winter,  a  fact  which  he 
endeavoured  to  explain  by  observing,  mat  "  as  they  perspire  less, 
to  they  are  better  able  to  survive  the  winter's  cold."  At  the 
ame  time  that  he  made  these  experiments  he  also  made  a  number 
of  other  highly  interesting  ones,  on  the  force  with  which  plants 
absorb  water,  and  many  similar  points  connected  with  this  part 
of  their  economy. 

A  third  series  of  experiments  was  made  by  Mr.  Miller  in 
1726,  at  the  Chelsea  Botanic  Garden,  at  the  suggestion  of  Dr. 
Hales,  in  which  the  subjects  of  experiment  were  a  Musa,  an  Aloe, 
and  an  Apple-tree.  The  plants  were  grown  in  glazed  earthen- 
ware pots,  made  without  any  holes  at  the  bottom,  so  that  there 
was  no  need  to  make  any  correction  for  the  water  lost  by  eva- 
poration ;  the  plants  were  weighed  three  times  a  day  for  some 
weeks,  and  the  thermometer  was  noted  at  each  weighing.  The 
chief  facts  observed  were,  that  the  plants  perspired  more  in  the 
morning  than  in  the  afternoon;  that  they  very  often  absorbed 
moisture  by  the  leaves  during  the  night ;  and  that  the  proportion 
perspired  was  generally  in  direct  proportion  to  the  temperature 
of  the  day. 

These  simple  experiments  are,  all  of  them,  perfectly  satis- 
factory, and,  as  far  as  they  go,  are  no  doubt  quite  trustworthy. 
It  is  remarkable  that  during  the  last  one  hundred  and  thirty  years 
hardly  a  single  new  fact  of  much  importance  has  been  added  to 
this  department  of  vegetable  physiology,  and  that  our  knowledge 
of  this  important  branch  of  the  economy  of  vegetation  is  very 
little  extended  beyond  what  it  was  at  the  time  of  Hales.  One 
Rason  of  this  certainly  is,  that  the  observers  who  followed  him 
began  to  refine  upon  the  simple  mode  of  experimenting  which 
he  employed,  and  introduced  complicated  and  unnatural  forms  of 
experiment,  the  results  of  which  are,  for  the  most  part,  of  but 
little  value.  Thus  the  numerous  and  laborious  experiments  of 
Bonnet,  undertaken  chiefly  at  the  suggestion  of  Calandrini,  to 
^certain  the  relative  power  of  absorbing  moisture  by  the  superior 
and  inferior  surfaces  of  the  leaf,  were  far  from  satisfactory ;  be- 
cause, though  his  object  was  to  measure  the  power  of  absorbing 
aqueous  vapour,  his  experiments  in  fact  all  had  reference  to  a  dif- 
ferent point,  namely,  the  power  of  the  leaves  to  absorb  water,  when 
placed  in  contact  with  it,  by  the  upper  or  lower  surface.  The 
experiments  of  Bonnet,  even  on  the  direct  absorption  of  water, 
do  not  really  give  a  true  indication  of  the  evaporating  power  of 
the  leaves,  because  they  were  made  on  single  leaves  and  not  cm 


16 


Evaporation  of  Evergreen  and  Deciduous  Trees. 


entire  plants  ;  they  consequently  did  not  fairly  represent  the  sound 
and  perfect  leaves  of  a  growing  plant 

The  very  numerous  series  of  experiments,  on  the  evaporation 
from  leaves,  detailed  in  the  preceding  pages,  are  highly  valuable, 
because  they  extend  over  a  considerable  period  of  time,  and 
therefore  are  less  under  the  influence  of  the  various  interfering 
causes  which  generally  introduce  errors  into  such  investigations. 
At  the  same  time,  however,  they  are  by  no  means  unexception- 
able, for  there  are  several  matters  connected  with  them  which  are 
open  to  doubt  and  uncertainty.  The  first  great  condition  of  all 
such  experiments  in  every  case  is,  that  the  plants  must  be  brought 
into  a  healthy  condition  at  the  commencement  of  the  experiment, 
and  kept  in  a  healthy  state  all  through  it ;  if  the  plant  is  ren- 
dered sickly  and  unhealthy  by  the  conditions  of  the  experiment, 
it  is  plain  that,  the  circumstances  being  forced  and  unnatural, 
they  cannot  be  expected  to  yield  satisfactory  results.  Now,  in 
the  preceding  experiments,  the  plants  were  unquestionably  in- 
jured by  the  treatment  they  received,  and,  what  is  still  worse, 
they  were  injured  to  an  unequal  extent,  some  of  them  being 
rendered  far  more  sickly  than  the  others.  If  means  cannot  be 
devised  to  prevent  the  evaporation  of  moisture  from  the  surface 
of  the  soil  without  tying  bandages  round  the  stem,  it  is  far  better 
to  calculate  the  amount  of  water  thus  lost,  as  Hales  did,  and 
subtract  it  from  the  total  loss  at  each  weighing.  If  all  the  other 
circumstances  are  perfectly  similar,  this  loss  would  not  vary 
much ;  it  would  be  pretty  nearly  constant  with  each  of  the  dif- 
ferent plants.  It  is  also  to  be  remarked,  that  in  thus  absolutely 
preventing  all  evaporation  from  the  enclosed  soil,  excepting  that 
which  took  place  through  the  leaves  of  the  plant,  the  soil  was 
altogether  cut  off  from  contact  with  the  external  air,  and  thus 
another,  and  by  no  means  unimportant,  condition  was  intro- 
duced. 

In  experiments  of  this  sort  it  is  very  desirable  not  to  com- 
mence them  the  very  day  the  plants  have  been  transplanted; 
some  little  time  should  be  allowed  to  elapse  before  the  experi- 
ment is  begun,  so  that  the  plants  may  become  accustomed  to  the 
new  conditions  under  which  they  are  placed ;  and  in  every  case 
where  possible  two  or  three  similar  plants  should  be  taken  for 
each  experiment,  instead  of  single  ones. 

For  the  most  part  the  experimental  results  are  pretty  nearly 
what  might  have  been  expected,  though  of  course  there  are 
exceptions  and  irregularities,  which  must  be  attributed  to  special 
interfering  causes.  There  would  seem  to  be  a  remarkable  differ- 
ence between  the  several  plants,  as  regards  the  relation  existing 
between  the  temperature  and  the  rate  of  evaporation,  independently 
of  the  dryness  or  moisture  of  the  air.    On  comparing  the  tables 
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together,  it  will  be  found  that  in  the  case  of  the  Portugal  Laurel, 
Holly,  Larch,  and  Sycamore,  the  maximum  evaporation  occurs  at 
the  same  time  as  the  maximum  of  temperature,  namely,  between 
the  23rd  of  July  and  the  22nd  of  August.  This,  however,  is 
not  the  case  with  the  other  plants.  In  the  case  of  the  Oak,  and 
the  Deciduous  Berberis,  the  maximum  evaporation  occurs  after 
the  greatest  heat ;  the  greatest  quantity  of  water  being  evaporated 
between  the  22nd  of  August  and  the  21st  of  September,  though 
the  average  temperature  men  was  more  than  8°  lower  than  it  had 
been  during  the  previous  four  weeks.  Exactly  the  reverse  is  the 
case  with  the  remaining  plants,  for  the  maximum  evaporation 
with  the  Spruce-Fir,  Evergreen  Berberis,  Yew,  Laurel,  and  Ash,  in 
each  instance  preceded  the  maximum  of  heat.  On  referring  to 
the  table  showing  the  evaporation  from  the  Evergreen  Berberis,  it 
will  be  found  that  from  the  23rd  of  June  to  the  23rd  of  July, 
when  the  average  temperature  was  below  62D,  the  daily  loss  of 
water  was  1038  grains,  whilst  in  the  following  month,  though  the 
thermometer  was  then  above  62°,  the  daily  evaporation  was  only 
872  grains.  A  similar  effect  may  be  observed  with  regard  to  the 
Yew.  In  July,  with  a  temperature  below  62°,  the  daily  loss  was 
1012  grains ;  in  August,  with  an  average  temperature  above  62°, 
the  daily  evaporation  was  only  809  grains.  It  is  evident,  there- 
fore, from  these  experiments,  that  evaporation  is  not  a  mere 
index  of  temperature,  but  that  it  depends  on  vitality,  influenced 
by  heat,  light,  and  other  causes. 
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It  was  under  the  auspices  of  the  British  Association  that  Pro- 
fessor Liebig  in  the  year  1840  first  promulgated  his  views  on  the 
•abject  of  Agricultural  Chemistry ;  and  however  much  some  may 
be  disposed  to  differ  from  him  in  opinion  on  special  points  therein 
treated  of,  few  we  presume  will  deny  that  from  the  appearance  of 
the  first  edition  of  Professor  Liebig's  work  on  *  Organic  Che- 
mistry in  its  relations  to  Agriculture  and  Physiology '  we  may 
date  a  spirit  of  investigation  into  Agricultural  Chemistry  such  as 
had  not  previously  been  manifested  in  this  country.    Indeed,  we 
conceive  that  in  looking  back  to  the  words  of  his  preface  in  1840, 
therein  he  says,  "  I  shall  be  happy  if  I  succeed  in  attracting  the 
attention  of  men  of  science  to  subjects  which  so  well  merit  to 
engage  their  talents  and  energies/' — in  this  respect,  at  least, 
Professor  Liebig  must  feel  that  his  efforts  have  been  rewarded 
far  beyond  what  his  most  sanguine  expectation  could  at  the  time 
have  led  him  to  hope  for.    It  could  scarcely  be  expected,  however, 
that  with  the  progress  of  inquiry,  such  as  is  here  invited,  there 
should  not  result  from  time  to  lime  some,  and  perhaps  material, 
modifications  on  questions  which  it  is  admitted  the  facts  already 
at  command  were  not  competent  satisfactorily  to  solve  ;  indeed, 
if  it  were  not  so,  if  no  further  facts  were  requisite,  and  the  views 
as  then  put  forth  were  all  and  in  their  manifold  detail  already 
fully  substantiated,  where  the  necessity  for  further  investigation 
of  the  subject?    Surely  it  would  be  labour  lost ! 

Professor  Liebig  has  indeed  himself  contributed  to  the  de- 
velopment of  the  subject,  in  the  several  succeeding  editions  of  his 
*orks;  and  also  in  his  '  Letters  on  Chemistry,'  and  in  other 
publications ;  and  be  has,  in  a  new  and  enlarged  edition  of  the 
Second- mentioned  work,  namely,  his  *  Letters  on  Chemistry,'  pub- 
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Prussia,  has  published  the  results  of  many  analyses  of  soils.  The 
truth  is,  that  little  is  as  yet  known  of  what  a  soil  either  is  or  ought 
to  be,  in  a  chemical  point  of  view ;  but  when  we  call  to  mind  the 
investigations  of  Professor  Mulder,  in  relation  to  the  organic 
acids  found  in  soils,  and  of  Mr.  Way  and  others,  as  to  the  chemical 
and  physical  properties  of  soils,  in  relation  to  the  atmosphere, 
and  to  saline  substances  exposed  to  their  action  in  solution,  we 
may  at  least  anticipate  for  chemistry  that  she  will  ere  long  throw 
important  light  on  this  interesting  but  intricate  subject. 

In  our  field  experiments,  then,  we  have  been  satisfied  with  pre- 
serving specimens  of  the  soils  which  were  to  be  the  subjects  of 
them,  and  have  sought  to  ascertain  their  deficiency,  in  regard  to 
the  production  of  different  crops,  by  means  which  we  conceive  to 
be  not  only  far  more  manageable,  but  in  every  way  more  con- 
clusive and  satisfactory  in  their  result 

To  illustrate — What  is  termed  a  rotation  of  crops  is  at  least  of 
such  universality  in  the  farming  of  Great  Britain,  that  any  investi- 
gation in  relation  to  the  agriculture  of  that  country  may  safely  be 
grounded  on  the  supposition  of  its  adoption.  Let  us,  then,  direct 
attention  for  a  moment  to  some  of  the  chief  features  of  rotation. 
What  is  called  a  course  of  rotation  is  the  period  of  years  which 
includes  the  circle  of  all  the  different  crops  grown  in  that  rotation 
or  alternation.  The  crops  which  thus  succeed  each  other,  and 
constitute  a  rotation,  may  be  two,  three,  four,  or  more,  varying 
with  the  nature  of  the  soil  and  the  judgment  of  the  farmer  ;  but, 
whatever  course  be  adopted,  no  individual  crop  —  wheat,  for 
example — is  grown  immediately  succeeding  one  of  the  same  de- 
scription, but  it  is  sown  again  only  after  some  other  crops  have 
been  grown,  and  at  such  a  period  of  the  rotation,  indeed,  as  by 
experience  it  is  known  that  the  soil  will,  by  direct  manure  or 
other  means,  have  recovered  its  capability  of  producing  a  profit- 
able quantity  of  the  crop  in  question. 

On  carefully  considering  these  established  and  well-known  facts 
of  agriculture,  it  appeared  to  us  that,  by  taking  soils  either  at  the 
end  of  the  rotation,  or  at  least  at  that  period  of  it  when  in  the 
ordinary  course  of  farming  farm-yard-manure  would  be  added 
before  any  further  crop  would  be  grown,  we  should  then  have 
the  soils  in  what  may  be  termed  a  normal,  or,  perhaps  better  still, 
a  practically  and  agriculturally  exhausted  state. 

Now,  if  it  is  found,  in  the  experience  of  the  farmer,  that  land 
of  any  given  quality  with  which  he  is  well  acquainted,  will  not 
when  in  this  condition  of  practical  exhaustion  yield  the  quantity 
he  usually  obtains  from  it  of  any  particular  crop,  bnt  that  after 
applying  farm -yard  manure  it  will  do  so,  it  is  evident  that  if 
we  supply  to  different  plots  of  this  exhausted  land  the  constituents 
of  farm-yard  manure,  both  individually  and  combined,  and  if 
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by  the  side  of  these  plots  we  also  grow  the  crop  both  without 
manure  of  any  kind  and  with  farm-yard  manure,  we  shall,  in  the 
comparative  results  obtained,  have  a  far  more  satisfactory  solution 
of  the  question  as  to  what  constituents  were,  in  this  ordinary 
coarse  of  agriculture,  most  in  defect  in  respect  to  the  production 
of  the  particular  crop  experimented  upon,  than  any  analysis  of 
the  soil  could  have  given  us.  In  other  words,  we  should  have 
before  us  very  good  ground  for  deciding  to  which  of  the  con- 
stituents of  the  farm-yard  manure  the  increased  produce  was 
mainly  due  on  the  plot  provided  with  it,  in  the  case  of  the  par- 
ticular crop :  not  so,  however,  unless  the  soil  had  been  so  far 
exhausted  by  previous  cropping  as  to  be  considered  practically 
unfit  for  the  growth  of  the  crop  without  manure.  We  lay  parti- 
cular stress  on  this  point,  because  we  believe  that  the  vast  discre- 
pancy in  the  results  of  comparative  trials  with  different  manures, 
bj  different  experimenters,  arises  more  from  irregularity  in  what 
may  be  called  the  floating  capital  of  the  soil  than  from  irregu- 
larities in  the  original  character  of  the  soil  itself,  or  from  any 
other  cause — unless  we  include  the  frequent  faulty  methods  of 
application. 

It  is,  then,  by  this  synthetic  rather  than  by  the  analytic  method 
that  we  have  sought  our  results ;  and  in  the  carrying  out  of  our 
object  we  have  taken  Wheat  as  the  tjpe  of  the  cereal  crops, 
Turnips  as  the  type  of  the  root  crops,  and  Beans  as  the  represent- 
ative of  the  Leguminous  corn  crop,  most  frequently  entering  into 
rotation :  and  having  selected  for  each  of  these  a  field  which, 
agriculturally  considered,  was  exhausted,  we  have  grown  the  same 
description  of  crop  upon  the  same  land,  year  after  year,  with  dif- 
ferent chemical  manures,  and  in  each  case  with  one  plot  or  more 
continuously  unmanured,  and  one  supplied  every  year  with  a  fair 
quantity  of  farm-yard  manure. 

In  this  way  14  acres  have  been  devoted  to  the  continuous 
growth  of  Wheat  since  1843,  8  acres  to  the  continuous  growth  of 
Turnips  from  the  same  date,  and  5  to  6  acres  to  that  of  Legumi- 
nous corn  crops  since  1847.  And  of  field  experiments,  besides 
these — which  amount  in  each  year  to  from  30  to  40  on  Wheat* 
upwards  of  90  on  Turnips,  and  20  to  30  on  Beans — others  have 
been  made,  viz.,  some  on  the  growth  of  Clover,  and  some  in  rela- 
tion to  the  chemical  circumstances  involved  in  an  actual  course  of 
rotation,  comprising  Turnips,  Barley,  Clover,  and  Wheat,  grown 
in  the  order  in  which  they  are  here  stated. 

It  may  be  stated,  too,  that  in  addition  to  these  experiments  on 
wheat  and  the  other  crops  usually  grown  upon  the  farm,  as  above 
referred  to,  we  have  for  several  years  been  much  occupied  also 
with  the  subject  of  the  feeding  of  animals — viz.  Bullocks,  Sheep, 
and  Pigs — as  well  as  in  investigating  the  funcUott&Y  fccVvoa*  oil 
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growing  plant  in  relation  to  the  soil  and  atmosphere ;  and  in  con- 
nexion with  each  of  these  subjects  much  laboratory  labour  has 
constantly  been  in  progress. 

The  scope  and  object  of  our  investigation  has  been  therefore  to 
examine,  in  the  field,  the  feeding-shed,  and  the  laboratory,  into 
the  chemical  circumstances  connected  with  the  agriculture  of 
Great  Britain  in  its  four  main  features ;  namely — 

First,  the  production  of  the  Cereal  grain  crops ; 
Secondly,  that  of  Root  crops ; 

Thirdly,  that  of  the  Leguminous  corn  and  Fodder  crops  ;  and, 
Fourthly,  and  lastly,  that  of  the  consumption  of  food  on  the 
farm  for  its  double  produce  of  Meat  and  Manure. 

-  So  much  then  for  the  rationale  and  general  plan  of  the  experi- 
ments themselves,  and  we  now  propose  to  call  attention  to  some 
of  the  results  which  they  have  afforded  us. 

Hitherto  only  part  of  the  results  of  the  wheat  experiments  of 
the  harvests  of  1844,  1845,  and  1846,  and  of  these  seasons  only, 
have  been  published ;  those  on  turnips,  only  for  the  seasons  1843, 
1844,  and  1845;  those  on  the  leguminous  crops  not  at  all  as 
yet ;  and  those  on  feeding,  only  as  far  as  sheep  are  concerned, 
and  chiefly  too  in  relation  to  the  one  point  only  of  the  increase 
of  live  weight  obtained  from  a  given  quantity  of  food,  or  its  con- 
stituents. Of  the  laboratory  results,  but  few  have  been  given 
in  relation  to  any  one  of  these  branches  up  to  the  present  time. 
The  vast  accumulation  of  results,  indeed,  will  necessarily  still 
further  postpone  the  publication  of  them  in  any  extended  form  ; 
and  hence  it  seems  the  more  desirable  to  take  advantage  of  the 
present  opportunity  to  attempt  to  bring  together  into  one  view 
some  of  the  general  indications  which  have  been  arrived  at  in 
relation  to  a  few  important  points. 

With  this  view,  it  is  to  the  field  experiments  on  wheat  that  we 
shall  chiefly  confine  our  attention  on  this  occasion ;  for  wheat, 
which  constitutes  the  principal  food  of  our  population,  is  with  the 
farmer  the  most  important  crop  in  his  rotation,  all  others  being 
considered  more  or  less  subservient  to  it ;  and  it  is,  too,  in  refer- 
ence to  the  production  of  this  crop  in  agricultural  quantity  that 
the  mineral  theory  of  Baron  Liebig  is  perhaps  more  prominently 
at  fault  than  in  that  of  any  other. 

It  is  true  that,  in  the  case  of  vegetation  in  a  native  soil,  un- 
aided by  art,  the  mineral  constituents  of  the  plants  being  fur- 
nished from  the  soil,  the  atmosphere  is  found  to  be  a  sufficient 
source  of  the  nitrogen  and  carbon;  and  it  is  the  supposition 
that  these  circumstances  of  natural  vegetation  apply  equally 
to  the  various  crops  when  grown  under  cultivation  that  has 
led  Baron  Liebig  to  suggest  that,  if  by  artificial  means  we 
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accumulate  within  the  soil  itself  a  sufficiently  liberal  supply  of 
those  constituents  found  in  the  ashes  of  the  plant— essentially 
soil  constituents,  we  shall  by  this  means  be  able  in  all  cases  to 
increase  thereby  the  assimilation  of  the  vegetable  or  atmospheric 
constituents  in  a  degree  sufficient  for  agricultural  purposes.  But 
agriculture  is  itself  an  artificial  process ;  and  it  will  be  found  that, 
as  regards  the  production  of  wheat  more  especially,  it  is  only 
by  the  accumulation  within  the  soil  itself  of  nitrogen,  naturally 
derived  from  the  atmosphere,  rather  than  of  the  peculiarly  soil- 
constituents,  that  our  crops  of  it  can  be  increased.  Mineral  sub- 
stances will  indeed  materially  develop  the  accumulation  of 
vegetable  or  atmospheric  constituents  when  applied  to  some  of  the 
crops  of  rotation ;  and  it  is  thus  chiefly  that  these  crops  become 
subservient  to  the  growth  of  the  cereal  grains ;  but  even  in  these 
cases  it  is  not  the  constituents,  as  found  collectively  in  the  ashes  of 
the  plants  to  be  grown,  that  are  the  most  efficient  in  this  respect ; 
nor  can  the  demand  which  we  find  thus  made  for  the  production 
of  crops  in  agricultural  quantity  be  accounted  for  by  the  mere 
idea  of  supplying  the  actual  constituents  of  the  crop.  It  would 
seem,  therefore,  that  we  can  only  arrive  at  correct  ideas  in  agri- 
culture by  a  close  examination  of  the  actual  circumstances  of 
growth  of  each  particular  crop  when  grown  under  cultivation. 
We  now  turn  to  the  consideration  of  our  experiments  upon  this 
subject. 

It  has  been  said  that  all  the  experimental  fields  were  selected 
when  they  were  in  a  state  of  agricultural  exhaustion.  The  wheat- 
field,  however,  after  having  been  manured  in  the  usual  way  for 
turnips  at  the  commencement  of  the  previous  rotation,  had  then 
grown  barley,  peas,  wheat,  and  oats,  without  any  further  manur- 
ing; so  that  when  taken  for  experiment  in  1844,  it  was,  as  a  grain- 
producer,  considerably  more  exhausted  than  would  ordinarily  be 
the  case.  It  was,  therefore,  in  a  most  favourable  condition  for  the 
purposes  of  our  experiment. 

In  the  first  experimental  season,  the  field  of  14  acres  was  divided 
into  about  20  plots,  and  it  was  by  the  mineral  theory  that  we  were 
mainly  guided  in  the  selection  of  manures ;  mineral  manures  were 
therefore  employed  in  the  majority  of  cases.  Ammonia,  on  the 
other  hand,  being  then  considered  as  of  less  importance,  was  used 
in  a  few  instances  only,  and  in  these  in  very  insignificant  quantities. 
Rape-cake,  as  being  a  well -recognised  manure,  and  calculated  to 
supply — besides  some  minerals  and  nitrogen — a  certain  quantity 
of  carbonaceous  substance  in  which  both  corn  and  straw  so  much 
abound,  was  also  added  to  one  or  two  of  the  plots. 

The  results  of  this  first  season  (1844)  having  already  been 
pretty  folly  detailed  in  this  Journal,  we  can  only  give  a  summary 
of  them  in  this  place : — 
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Tablb  I.* 

Harvest  1844.   Summary.   (See  first  section  of  diagram  I., 
opposite  p.  14.) 


Description  of  the  Mantra*, 


Dieawd  Corn 
per  Acre, 
In 


Total 
Oom 
pec  Acre, 


Straw 
par  Acre. 


Plot  3.  Un manured       •       •  • 
, ,  2.  14  tons  of  farm-yard  manure 
, ,  4.  The  ashes  of  14  tons  of  farm-yard  manure. 
, ,  8.  Minimum  produce  of  9  plots  with  artificial 
mineral  manures : — 

Superphosphate  lime  350  lbs. 
Phosphate  of  potass    364  lbs.. 
,,15.  Maximum  produce  of  9  plots  with  artificial 
mineral  manures: — 

Superphosphate  lime  350  lbs. 
Phosphate  magnesia  168  lbs. 
Phosphate  potass  150  lbs. 
Silicate  potass  112  lbs. 

Mean  of  the  9  plots  with  artificial  mineral  manures 
Mean  of  3  plots  with  mineral  manures  and  65  lbs.1 

each  of  sulphate  ammonia  •  .  .  . 
Mean  of  2  plots  with  mineral  manures  and  150  lbs. 

and  300  lbs.  of  rape-cake  respectively  . 
Plot  18.  With  complex  mineral  manure,  65  lbs. 
of  sulphate  of  ammonia,  and  150  lbs.  of  rape- 
cake   


16 
22 
16 


16  1 

17  3± 

16  3| 

21  0 

18  1} 

22  3} 


lfaa. 

923 
1276 

888 

980 


1096 

1009 
1275 

1078 
1368 


lfaa. 

1120 
1476 
1104 

1160 


1240 

1155 
1423 

1201 
1768 


The  indications  of  the  table  are  seen  to  be  most  conclusive,  as 
showing  what  was  the  character  of  the  exhaustion  which  had  been 
induced  by  the  previous  heavy  cropping,  and  what,  therefore, 
should  be  the  peculiar  nature  of  the  supply  in  a  rational  system 
of  manuring.  If  the  exhaustion  had  been  connected  with  a  defi- 
ciency of  mineral  constituents,  we  might  reasonably  have  expected 
that  by  some  one  at  least  of  the  nine  mineral  conditions — sap- 
plying  in  some  cases  an  abundance  of  every  mineral  constituent 
which  the  plant  could  require — this  deficiency  would  have  been 
made  up ;  but  it  was  not  so. 


*  It  should  be  stated  that  the  terms  Supeiphosphate  of  Lime,  Phosphate  of  Potass, 
Phosphate  of  Soda,  and  Phosphate  of  Magnesia,  as  used  in  this  ana  tbo  following 
Tables,  and  by  which  it  is  convenient  to  designate  the  manures,  are  not  to  be 
understood  as  representing  the  chemical  substances  bearing  those  names.  Tbey  were 
formed  by  acting  upon  burnt  bone-dust  by  means  of  sulphuric  acid  in  the  first 
instance,  and  in  the  cases  of  the  alkaline  salts  and  the  magnesian  one  by  neutralising 
the  compound  thus  obtained  by  meant  of  cheap  preparations  of  the  respective  bans. 
The  Silicate  of  Potass  was  manufactured  at  a  glass-house  by  fusing  equal  parts  of 
pearl  ash  and  sand — a  transparent  glass,  slightly  deliquescent  in  the  air.  was  the  rssalt. 
It  was  ground  to  powder  under  edge-stones.  The  Sulphate  and  the  Muriate  of  Am- 
monia were  such  as  are  usually  sold  for  the  purposes  of  manure,  and  it  may  be  esti- 
mated that  one  hundredweight  of  them  respectively  is  equal  to  100  lbs.  of  the)  pure 
crystallised  salt.  The  sulphurio  acid  used  was  of  the  specific  gravity  of  about  1 
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Thus,  taking  the  column  of  bushels  per  acre  as  given  in  this 
summary,  as  our  guide,  it  will  be  seen  that  whilst  we  have  without 
manure  only  16  bushels  of  dressed  corn,  we  have  by  farm-yard 
manure  22  bushels.  The  ashes  of  farm-yard  manure  give,  how- 
ever, no  increase  whatever  over  the  unmanured  plot.  Again,  out 
of  the  9  plots  supplied  with  artificial  mineral  manures,  we  have 
in  no  case  an  increase  of  2  bushels  by  this  means;  the  produce  of 
theairerage  of  the  9  being  not  quite  17  bushels.  On  the  other 
band,  we  see  that  the  addition  to  some  of  these  purely  mineral 
manures  of  65  lbs.  of  sulphate  of  ammonia — a  very  small  dressing 
of  that  substance,  and  containing  only  about  14  lbs.  of  ammonia 
—has  given  us  an  average  produce  of  21  bushels.  An  insignifi- 
cant addition  of  rape-cake  too,  to  manures  otherwise  ineffective, 
has  given  us  about  18£  bushels  ;  and  when,  as  in  plot  18,  we  have 
added  to  the  inefficient  mineral  manures  65  lbs.  of  ammoniacal 
salts,  and  a  little  rape- cake  also,  we  have  a  produce  greater  than 

the  14  tons  of  farm -yard  manure. 

The  quantities  of  rape- cake  used  were  small,  and  the  increase 
attributable  to  it  also  small,  but  it  nevertheless  was  much  what 
*e  should  expect  when  compared  with  that  from  the  ammoniacal 
salts,  if,  as  we  believe  is  the  case,  the  effect  of  rape-cake  on  grain- 
crops  is  due  to  the  nitrogen  it  contains. 

Indeed,  the  coincidence  in  the  slight  or  non-effect  throughout 
the  mineral  series  on  the  one  hand,  and  of  the  marked  and  nearly 
uniform  result  of  the  nitrogenous  supply  on  the  other,  was  most 
striking  in  the  first  year's  experimental  produce,  and  such  as  to 
lead  us  to  give  to  nitrogenous  manures  in  the  second  season  even 
greater  prominence  than  we  had  done  to  minerals  in  the  previous 
one.  This  is  in  some  respects,  perhaps,  to  be  regretted,  as  had 
*e  kept  a  series  of  plots  for  some  years  continuously  under 
minerals  alone,  the  evidence,  though  at  present  sufficiently  con- 
clusive, would  have  carried  with  it  somewhat  more  of  systematic 
proof. 

In  Table  II.  (see  following  page)  we  have  given  a  few  results 
selected  from  those  obtained  at  the  harvest  of  1845,  the  second 
°f  the  experimental  series.  By  the  table  it  is  seen  that  we  have, 
*Uhe  harvest  of  1845,  a  produce  of  rather  more  than  23  bushels 
without  manure  of  any  kind,  instead  of  only  16  as  in  1844;  and 
'ii  like  manner  the  farm-yard  manure  gives  32  bushels  in  1845, 
and  only  22  in  1844.  We  have  shown  in  a  former  number  of 
the  Journal  how  clearly  these  differences  can  be  traced  to  varia- 
tions in  the  climatic  character  of  the  season,  but  this  is  not  the 
Point  under  consideration  just  now. 

We  assume,  then,  23  bushels  or  thereabouts  to  be  the  standard 
produce  of  the  soil  and  season,  without  manure,  during  this  second 
experimental  year ;  and  as  part  of  plot  5  (previously  manured 
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Table  II. 

Harvest  1845.   Selected  Results.   (See  second  section  of  diagram  I., 
opposite  p.  14.) 


Description  and  Qnantltiea  of  the  Mutant  per  Acre. 


Plowed  Con 
per  Acre, 
wBatbels 
and  Peek*. 

Total 
Com 
per  Aero, 
in  lb.. 

both,  porta. 

lba. 

23  0} 

1441 

32  0$ 

1967 

22  2} 

1431 

26  3| 

1732 

in  lba. 


Section  1. 
Plot  3*  No  manure  •  • 

, ,  2.  14  tons  of  farm-yard  manure  • 

Section  2. 
, ,  5a.  No  manure  • 
, ,  56.  Top-dressed  with  252  lbs.  of  carbonate  ] 
ammonia  (dissolved),  at  3  timet)  dur- V 
ing  the  spring        •       •       •  .J 

Sectiou  3.  ' 

q  ( Sul  phate  of  ammonia  1 68  lbs.  Hop-dressed ) 
"    '  *  (Muriate  of  ammonia  168  lbs.  I  at  once  J 
10  (Sulphate  of  ammonia  168  lbs  \  top-dreysed ) 
' '       t  Muriate  of  ammonia  168  lbs./  at  4  times  J 


2712 
3915 


33 
3! 


1* 

3i 


with  superphosphate  of  lime),  and  which  is  now,  also,  without 
manure,  gives  rather  more  than  22£  bushels  of  dressed  corn,  the 
correctness  of  the  result  of  plot  3,  the  permanently  unmanured 
plot,  is  thereby  fully  confirmed. 

This  plot  No.  5,  previously  two-thirds  of  an  acre,  was,  in  this 
second  year,  divided  into  two  equal  portions ;  one  of  these  ("  plot 
5a")  being,  as  just  said,  unman u red,  and  the  other  ("plot  54") 
having  supplied  to  it  in  solution,  by  top-dressings  during  the 
spring,  the  medicinal  carbonate  of  ammonia,  *t  the  rate  of  250  lbs. 
per  acre :  and  it  is  seen  that  we  have,  by  this  pure  but  highly 
volatile  ammoniacal  salt  alone,  the  produce  raised  from  22^ 
bushels  to  very  nearly  27  bushels  I 

In  the  next  section  of  the  table  are  given  the  results  of  plots  9 
and  10,  the  former  of  which  had  in  the  previous  year  been  manured 
by  superphosphate  of  lime  and  a  small  quantity  of  sulphate  of 
ammonia,  and  the  latter  by  superphosphate  of  lime  and  silicate 
of  potass.  To  each  of  these  plots  H  cwt.  of  sulphate  and 
H  cwt.  of  muriate  of  ammonia  were  now  supplied.  Upon  plot  9 
the  whole  of  the  manure  was  top-dressed,  'at  once,  early,  in  the 
spring;  but  on  plot  10  the  salts  were  put  on  at  four  successive 
periods.  The  produce  obtained  by  these  salts  of  ammonia  alone 
is  33  bushels  and  three-eighths,  when  sown  all  at  once,  and  nearly 
32  bushels  when  sown  at  four  different  times— quantities  which' 
amount  to  about  10  bushels  per  acre  more  than  was  obtained 
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without  manure.  In  the  case  of  No.  9,  indeed,  the  produce  ex- 
ceeds by  1  i  bushel  that  given  by  farm-yard  manure,  and  in  that 
of  No.  10  it  is  all  but  identical  with  it.  And  if  we  take  the 
weights  of  total  corn,  instead  of  the  measure  of  the  dressed  corn, 
to  which  latter  we  chiefly  refer,  merely  as  a  standard  more  con- 
ventionally understood,  No.  10,  by  ammonia  only,  has  given  both 
more  corn  and  more  straw  than  the  farm-yard  manure,  with  all 
its  minerals  and  carbonaceous  substance. 

Let  us  see  whether  this  almost  specific  effect  of  nitrogen,  in 
restoring,  for  the  reproduction  of  corn,  a  corn-exhausted  soil,  is 
borne  out  by  the  results  of  succeeding  years. 

In  relation  to  the  third  experimental  year  (harvest  1846),  we 
have  already  given  in  a  tabular  form  in  our  former  article  most  of 
the  results ;  but  for  want  of  time  and  space  the  attention  of  the 
reader  was  specially  called  to  one  or  two  of  them  only.  We  shall, 
therefore,  on  this  occasion  offer  a  few  remarks  on  some  of  those  not 
previously  discussed ;  and  we  should  have  omitted  all  reference  to 
the  results  obtained  with  the  wheat  manure  of  Professor  Liebig, 
to  which  we  have  already  called  attention,  had  not  the  Professor, 
in  the  new  edition  of  his  f  Letters,'  whilst  fully  admitting  the 
failure  of  the  manure — the  composition  of  which,  to  use  his  own 
words  when  commenting  upon  it,  "  could  be  no  secret,  since  every 
plant  showed  by  its  ashes  the  due  proportion  of  the  constitu- 
ents essential  to  its  growth "  (page  482), — not  expressed  any 
doubt  as  to  the  principle  involved  in  such  a  manure,  but,  on  the 
other  hand,  implied  that  the  failure  was  due  to  a  yet  imperfect 
knowledge  of  the  mechanical  form  and  chemical  qualities  required 
to  be  given  to  the  necessary  constituents  in  order  to  fit  them  for 
their  reception  and  nutritive  action  on  the  plant,  rather  than  to 
«ny  fallacy  in  the  theory  which  would  recommend  to  practical 
agriculture  the  supply  by  artificial  means  of  the  constituents  of 
the  ashes  of  plants  as  manures. 

We  do  not  mean  to  say  that  Liebig's  manure  was  not  at  fault  as 
to  its  mechanical  form  and  chemical  qualities,  and  from  their 
failure  the  same  might,  perhaps,  be  said  of  all  the  mineral  mix- 
tures employed  in  our  experiments.  We  must  be  careful,  how- 
ever, not  to  rely  upon  an  argument  of  this  kind  without  sufficient 
ground,  for  it  must  be  observed  that  in  this  way  every  negative 
result  of  experiment  whatever  might  be  held  as  snowing  nothing, 
and  indeed  that  every  positive  one  was  equally  little  to  be  trusted ; 
for  it  might  be  said  that  had  we  managed  bettor,  the  one  which  is 
now  negative  might  have  been  the  most  successful,  and  thus  ex- 
periments of  any  kind  would  be  at  an  end,  and  useless. 

But  to  return  to  the  experiments.  The  following  table  gives 
our  selection  of  the  results  of  the  third  season,  1846 : — 
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Table  III. 

Harvest  1846.   Selected  Results.   (See  third  section  of  diagram  I., 
opposite  p.  14.) 


Description  and  Quantities  of  the  Manures  per  Acre. 


Section  1. 

Plot  3.  No  manure  .  .  .  •  • 
, ,    2.  1 4  tons  of  farm -yard  manure         .  • 

Section  2. 

,,   106.  No  manure     •       •  . 

, ,  10a.  Sulphate  of  ammouia  224  lbs.  • 

Section  3. 

, ,  5a1.  Ash  of  3  loads  of  wheat  straw 
, ,  5a*.  Ash  of  3  loads  of  wheat  straw,  and  toj»- 
dressed  with  224  lbs.  of  sulphate  of 
ammonia      •       .       .       •  J 


Section  4. 

6a.  Liebig's  wheat  manure  448  lbs. 

66.  Liebig's  wheat  manure  448  lbs.,  with  | 
1 12  lbs.  each  of  sulphate  and  muriate  > 
of  ammonia  .       •       .       •  .J 


At  this  third  experimental  harvest  we  have  on  the  continuously 
unmanured  plot,  namely,  No.  3,  not  quite  18  bushels  of  dressed 
corn,  as  the  normal  produce  of  the  season ;  and  by  its  side  we 
have  on  plot  10b, — comprising  one-half  of  the  plot  10  of  the  pre- 
vious years,  and  so  highly  manured  by  ammoniacal  salts  in  1845, 
but  now  unmanured, —  rather  more  than  17  i  bushels.  The  near 
approach,  again,  to  identity  of  result  from  the  two  unmanured 
plots,  at  once  gives  confidence  in  the  accuracy  of  the  experiments, 
and  shows  us  how  effectually  the  preceding  crop  had,  in  a  prac- 
tical point  of  view,  reduced  the  plots,  previously  so  differently  cir- 
cumstanced both  as  to  manure  and  produce,  to  something  like  an 
uniform  standard  as  regards  their  grain-producing  qualities.  We 
take  this  opportunity  of  particularly  calling  attention  to  these 
coincidences  in  the  amount  of  produce  in  the  two  unmanured 
plots  of  the  different  years,  because  it  has  been  objected  against 
our  experiments,  as  already  published,  that  confirmation  was 
wanting  as  to  the  natural  yield  of  soil  and  season. 

Plot  2  has,  as  before,  14  tons  of  farm-yard  manure,  and  the 
produce  is  27i  bushels,  or  between  9  and  10  bushels  more  than 
without  manure  of  any  kind. 

On  plot  10a,  which  in  the  previous  year  gave  by  ammoniacal 
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salts  alone  a  produce  equal  to  that  of  the  farm -yard  manure,  we 
have  again  a  similar  result :  for  2  cwts.  of  sulphate  of  ammonia 
has  now  given  1850  lbs.  of  total  corn,  instead  of  1826  lbs.,  which  is 
the  produce  on  plot  2.  The  straw  of  the  latter  is,  however, 
slightly  heavier  than  that  by  the  ammoniacal  salt. 

Again,  plot  5a,  which  was  in  the  previous  season  unmanured, 
was  now  subdivided :  on  one  half  of  it  (namely,  5a1)  we  have  the 
ashes  of  wheat-straw  alone,  by  which  there  is  an  increase  of  rather 
more  than  1  bushel  per  acre  of  dressed  corn ;  on  the  other  half 
(or  5a*)  we  have,  besides  the  straw  ashes,  2  cwts.  of  sulphate  of 
ammonia  put  on  as  a  top-dressing :  2  cwts.  of  sulphate  of  am- 
monia have,  in  this  case,  only  increased  the  produce  beyond  that 
of  5a1  by  7i  bushels  of  corn  and  768  lbs.  of  straw,  instead  of  by 
9i  bushels  of  corn  and  789  lbs.  of  straw,  which  was  the  increase 
obtained  by  the  same  amount  of  ammoniacal  salt  on  10  a,  as  com- 
pared with  10  b.  It  will  be  observed,  however,  that  in  the  former 
case  the  ammoniacal  salts  were  top-dressed,  but  in  the  latter  they 
were  drilled  at  the  time  of  sowing  the  seed ;  and  it  will  be  remem- 
bered that  in  1845  the  result  was  better  as  to  corn  on  plot  9, 
where  the  salts  were  sown  earlier,  than  on  plot  10,  where  the  top- 
dressing  extended  far  into  the  spring.  We  have  had  several  direct 
instances  of  this  kind  in  our  experience,  and  we  would  give  it  as  a 
suggestion,  in  most  cases  applicable,  that  manures  for  wheat,  and 
especially  ammoniacal  ones,  should  be  applied  before  or  at  the 
time  the  seed  is  sown ;  for,  although  the  apparent  luxuriance  of 
the  crop  is  greater,  and  the  produce  of  straw  really  heavier, 
by  spring  rather  than  autumn  sowings  of  Peruvian  guano  and 
other  ammoniacal  manures,  yet  we  believe  that  that  of  the  corn 
will  not  be  increased  in  an  equivalent  degree.  Indeed,  the  suc- 
cess of  the  crop  undoubtedly  depends  very  materially  on  the  pro- 
gress of  the  underground  growth  during  the  winter  months ;  and 
this  again,  other  things  being  equal,  upon  the  quantity  of  available 
nitrogenous  constituents  within  the  soil,  without  a  liberal  provi- 
sion of  which,  the  range  of  the  fibrous  feeders  of  the  plant  will  not 
be  such,  as  to  take  up  the  minerals  which  the  soil  is  competent  to 
supply,  and  in  such  quantity  as  will  be  required  during  the  after 
progress  of  the  plant  for  its  healthy  and  favourable  growth. 

The  next  result  to  be  noticed  is  that  obtained  on  plot  6,  now 
also  divided  into  two  equal  portions  designated  respectively  6a 
*nd  66.  Plot  No.  6  had  for  the  crop  of  1844  superphosphate  of  lime 
and  the  phosphate  of  magnesia  manure,  and  for  that  of  1845 
superphosphate  of  lime,  rape- cake,  and  ammoniacal  salts.  For 
this,  the  third  experimental  season,  it  was  devoted  to  the  trial  of 
the  wheat  manure  manufactured  under  the  sanction  of  Professor 
Liebig,  and  patented  in  this  country. 
Upon  plot  6a,  4  cwts.  per  acre  of  the  patent  wheat-manure  were 
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used,  which  gave  20±  bushels,  or  rather  more  than  2  bushl1 
beyond  the  produce  of  the  unmanured  plot ;  but  as  the  mantf 
contained,  besides  the  minerals  peculiar  to  it,  some  nitrogen© 
compounds,  giving  off  a  very  perceptible  odour  of  ammonia,  son 
at  least,  of  tbe  increase  would  be  due  to  that  substance.  C 
plot  6ft,  however,  the  further  addition  of  1  cwU  each  of  sulpha 
and  muriate  of  ammonia  to  this  so-called  "  Mineral  Manure 
gives  a  produce  of  29£  bushels.  In  other  words,  the  addition 
ammoniacal  salt  to  Liebig's  mineral  manure  has  increased  t 
produce  by  very  nearly  9  bushels  per  acre  beyond  that  of  t 
mineral  manure  alone,  whilst  the  increase  obtained  over  t 
unmanured  plot,  by  14  tons  of  farm-yard  manure,  was  on 
9*  bushels ! 

If,  then,  the  "mechanical  form  and  chemical  qualities" 
the  so-called  "Mineral  Manure'*  were  at  fault,  the  sulphate 
ammonia  has,  at  least,  compensated  for  the  defect ;  and  ev 
supposing  a  mineral  manure,  founded  on  a  knowledge  of  t 
composition  of  the  ashes  of  the  plant,  be  still  the  great  desk 
ratum,  the  farmer  may  rest  contented,  meanwhile,  that  he  has 
ammonia,  supplied  to  him  by  Peruvian  guano,  by  ammonia* 
salts,  and  by  other  sources,  so  good  a  substitute. 

In  Table  IV.  are  one  or  two  of  the  results  of  the  harvest 
1847,  which  bear  upon  our  question. 


Table  IV. 

Harvest  1847.   Selected  Results.   (See  fourth  section  of  diagram  I. 
opposite  p.  14.) 


Dreatd  Cora 

Total 

8tr* 

Description  and  QuantWoe  of  the  Mamma  per  Act*. 

par  Acre, 
in  Bn»h«U 
aad  Packs. 

Corn 
parAera, 
^nlba. 

par* 

Till 

boik.  packs. 

lbs. 

lba. 

Section  1. 

ie  ^ 

1123 

1M 

, ,  2.  14  torn  of  farm-yard  manure  .       .  # 

29  3| 

1981 

36* 

Section  2. 

22  3 

q.  f  Sulphate  of  ammonia  150  lb*. ) 
"  w>  I  Muriate  of  ammonk  160  lot./  * 

26  2 

Q.  J  Sulphate  of  ammonia  150  lba. ) 
"        l  Muriate  of  ammonia  150  lbs.  j  ' 

26  0 

The  produce  of  the  continuously  unmanured  plot  is  now  si 
to  be  almost  17  bushels  of  dressed  corn,  and  that  of  the  plot  w 
farm -yard  manure  nearly  30  bushels. 

Plots  9a  and  9b,  the  former  of  which  bad  in  the  previous  si 
son  4  cwts.  of  rape-cake,  and  the  latter  4  cwts.  of  rape-cake  f 
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2  cwts.  of  sulphate  of  ammonia,  with  no  direct  mineral  manure  in 
either  case  since  the  first  season  of  1844,  were  in  this,  the  fourth 
season,  set  apart  for  the  trial  of  some  substance  rich  in  carbon  (but 
not  so  either  in  nitrogen  or  in  mineral  matter),  by  the  side  of  pure 
nitrogenous  supply.  Thus  one  half  of  9a  (9a1)  was  manured 
with  ground  rice,  at  the  rate  of  1  ton  to  the  acre.  The  other  half 
of  9a  (9«T)  had  150  lbs.  of  sulphate  and  150  lbs.  of  muriate  of 
ammonia ;  as  also  had  94.  The  effect  of  the  1  ton  of  rice  is  to 
give  22}  bushels  of  dressed  corn,  or  only  6  bushels  more  than  the 
un manured  plot ;  whilst  the  ammoniacal  salts  of  9a*  and  9b  gave 
respectively  26 J  and  26  bushels.  That  is  to  say,  with  a  differ- 
ence of  only  half  a  bushel  in  the  two  cases  with  ammoniacal  salts, 
an  average  is  obtained  of  9£  bushels  more  than  on  the  unmanured 
plot. 

It  surely  is  needless  to  attempt  further  to  justify,  by  the  results 
of  individual  years,  our  assertion,  that  in  practical  agriculture 
nitrogenous  manures  are  peculiarly  adapted  to  the  growth  of  wheat. 
We  shall  therefore  conclude  this  part  of  our  subject  by  directing 
attention  to  the  history  of  a  few  of  the  plots  throughout  the  entire 
series  of  years  up  to  the  present  time,  as  compared  with  that  of 
the  unmanured  plot  during  the  same  period. 

The  six  next  tables  which  follow  (numbered  V.toX.  inclusive) 
give  the  results  of  6  of  the  plots  thus  compared  with  the  unma- 
nured one;  and  in  Table  XI.  we  have  the  results  of  all  those  plots 
brought  together  in  one  view. 


TabmV. 
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In  Table  V.  we  have  compared  together  the  produce  of  the 
unmanured  plot  with  that  of  Plot  10a,  which,  excepting  in 
1844,  when  superphosphate  of  lime  and  silicate  of  potass  were 
used  (giving,  however,  less  than  one  bushel  of  increase),  was 
manured  in  every  succeeding  season  by  ammoniacal  salts  alone. 

It  is  a  remarkable  fact  that  from  Plot  3  (the  unmanured  one), 
of  this  previously  unusually  corn-exhausted  soil,  we  have  carried 
from  the  land  seven  successive  crops  of  wheat  grain,  and  of  straw, 
without  any  manure  whatever;  and  that  under  this  treatment 
there  are,  at  present,  no  signs  of  diminished  fertility;  for  the 
average  of  the  seven  seasons  collectively  is  about  17 J  bushels  of 
dressed  corn,  and  about  16  cwts.  of  straw,  or  more  than  was  ob- 
tained in  the  first  experimental  year.  Indeed,  there  is  little 
doubt  that  upon  a  soil  of  any  given  quality  the  produce  will  only 
vary  with  the  character  of  the  climate  and  the  variations  of  the 
seasons,  which  must  materially  affect  the  amount  of  ammonia 
available  from  natural  sources ;  and  upon  this  again  depends  the 
assimilation  of  other  constituents,  which  in  the  case  of  our  experi- 
ments were  proved  to  have  existed  in  ample  relative  quantity 
within  the  reach  of  the  plant.  Thus,  the  results  of  Plot  10a,  as 
seen  in  the  2nd  column  of  the  table,  are  alone  sufficient  to  show 
that,  whatever  the  deprivation  by  the  previous  cropping,  the 
soil  still  contained,  relatively  to  the  ammonia  available  from  natural 
sources,  an  excess  of  the  necessary  mineral  constituents.  We 
shall  presently  show  that  this  must  be  the  condition  of  most  if  not 
all  cultivated  land,  where  grain  and  meat  constitute — as  they  do, 
as  the  rule,  in  Great  Britain — almost  the  exclusive  exports  from 
the  farm  ;  the  straw  of  the  grain  and  the  excrements  of  the  animals 
fed  upon  the  farm,  finding  their  way  into  the  home  manures, 
and  eventually  back  again  to  the  fields  from  whence  they  came. 

But  we  must  not  be  understood  to  say  that  all  soils  wdl  yield 
continuously  17£  bushels  of  grain  and  16  cwts.  of  straw  per  acre, 
without  manure ;  on  the  contrary,  we  know  full  well  that  they  will 
Dot,  and  that  what  are  termed  light  soils,  but  which,  under  high 
cultivation,  give  good  crops  of  wheat,  would  give  but  a  small  pro- 
portion of  this  quantity.  That  the  heavier  ones  do  possess  a 
native  fertility  beyond  what  might  at  first  sight  be  supposed,  there 
can  be  little  doubt ;  were  it  not  so,  we  should  find  it  difficult  to 
explain  how  those  who  sell  off  their  land  almost  all  its  produce 
without  return,  are  enabled  to  live  and  pay  their  rent.  But  what 
we  say  is,  that  by  the  ordinary  methods  of  practical  agriculture, 
by  which  any  soils  are  made  to  yield  a  fair  produce  of  grain  and 
meat  only,  for  sale,  their  characteristic  exhaustion,  as  grain  pro- 
ducers, will  be  that  of  nitrogen  ;  and  that  the  mineral  consti- 
tuents, will,  under  this  course,  relatively  to  nitrogen,  be 
in  excess.    To  this  point,  however,  we  shall  recur  further  on. 
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But  to  return  to  the  Table  (V.) a  glance  will  show  that  in 
every  season  the  produce  was  greatly  increased  by  ammoniacai 
salts  only ;  and  in  the  last  two  years  even,  when  the  amount  of 
ammonia  supplied  was  increased,  so  also  was  there  a  greater  in- 
crease of  produce  obtained  than  in  previous  years;  and  this,  not- 
withstanding there  had  been  taken  from  the  land  in  the  previous 
rotation  a  heavy  amount  of  minerals  without  return,  and  in  the 
first  five  experimental  crops  the  minerals,  both  of  corn  and  of 
straw,  of  larger  crops  than  are  the  average  of  the  county  under 
the  ordinary  system  of  rotation  and  home  manuring. 

The  comparison  afforded  in  Table  VI.  is  very  instructive.  It 
gives  the  results  of  Plot  10ft,  by  the  side  of  the  unmanured  plot. 
The  manuring  of  this  Plot  10ft  was,  it  will  be  remembered,  in 
1844  precisely  the  same  as  that  for  Plot  10a,  last  under  consi- 
deration; but  in  the  succeeding  years  a  different  method  of 
treatment  was  adopted.  In  this  case,  instead  of  giving  year  after 
year  ammoniacai  salts,  these  have  been  alternated  with  no  manure, 
with  minerals  alone,  and  with  minerals  combined  with  ammo- 
niacai salts,  in  order  to  ascertain  how  far  the  characteristic  result 
of  each  of  the  conditions,  thus  successively  provided,  would  in 
each  case  be  developed,  independently  of  the  immediately  pre* 
ceding  supply. 

In  the  first  year,  the  mineral  manure  gives  less  than  one  bushel 
increase ; — in  the  second,  ammoniacai  salts  give  8  j  bushels  in- 
crease ; — in  the  third  season,  after  a  heavy  dressing  by  ammonia, 
and  a  heavy  produce,  the  cessation  of  manuring  reduces  the  pro- 
duce to  a  trifle  below  that  of  the  unmanured  plot ;  —  in  the 
fourth  year,  ammoniacai  salt  alone  increases  the  produce  by  on* 
half ; — in  the  fifth,  a  complex  mineral  manure,  supplying  nearly 
every  mineral  constituent  of  the  crop  in  excess, and  this  combined 
with  ammonia,  gives  an  acreage  produce  even  rather  less  than  was 
obtained  in  the  previous  year  without  the  minerals,  and  the  pro* 
portion  of  increase  over  the  unmanured  plot  is  very  little  greater. 
In  the  sixth  season  we  have,  with  a  larger  supply  of  nitrogen  than 
usual,  namely,  with  200  lbs.  of  sulphate  and  200  lbs.  of  muriate 
of  ammonia  per  acre,  an  increase  of  134  bushels,  or  more  than 
two-thirds  over  the  unmanured  plot.  And  in  the  seventh  and 
last  completed  experimental  season,  this  very  heavy  dressing  of 
nitrogen  is  succeeded  by  a  very  liberal  supply  of  minerals,  which 
minerals  however  raise  the  produce  only  two  bushels  above  the 
yield  of  the  unmanured  plot  Nothing  can  be  more  striking  and 
conclusive  than  the  evidence  afforded  by  the  fluctuations  in  the 
produce  of  this  Plot  10ft,  as  showing  that  it  would  be  much 
nearer  the  truth  to  say  that  the  crop  has  risen  and  fallen  in 
proportion  to  the  diminution  or  increase  of  the  ammonia  supplied 
to  it  in  manure,  than  of  the  mineral  substances,  as  would  be 
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assumed  according  to  the  theory  of  Professor  Liebig.  It  is  seen, 
too,  that  it  is  only  in  the  later  seasons  that  the  available  minerals 
have  appeared  to  be  in  defect,  in  relation  to  the  nitrogenous 
supply. 

That  the  mineral  constituents  are  indeed  becoming  deficient  in 
several  of  the  plots  of  our  experimental  fields,  we  have  in  our 
collective  results,  as  well  on  turnips  and  beans  as  on  wheat, 
abundant  evidence ;  and  as  the  circumstances  under  which  this 
point  has  actually  been  arrived  at,  are  well  understood,  we  are  the 
better  able  to  speak  with  confidence  as  to  the  non-exhaustion  of 
them  in  other  cases.  Of  this  we  shall  on  some  future  occasion 
speak  much  more  in  detail,  when  we  are  able  to  bring  forward 
more  of  the  experimental  facts  relating  to  it  than  we  can  do  in  a 
mere  outline  of  this  kind.  But  the  plots  to  which  we  shall  now 
refer  will  afford  some  illustration  of  it. 

We  have  seen,  then,  that  on  Plot  10a  there  has  been  in  every 
year  since  the  first  experimental  one  a  large  amount  of  ammo- 
niacal  salts,  but  without  mineral  supply;  and  that  by  this  means 
we  have  in  every  year  obtained  a  considerable  amount  of  produce 
beyond  that  without  manure.  In  Plots  18a,  I8&,  and  \7b,  on 
the  other  hand,  we  have  in  every  year  mineral  supply  ;  and  in  1846, 
and  ever  since,  this  has  been  the  same  for  these  three  plots,  and 
always  very  liberal  in  nearly  all  the  constituents  required  by  the 
crop, — and  in  addition  to  this  very  liberal  mineral  provision,  we 
have  in  each  year,  on  one  or  more  of  these  plots,  exactly  the 
same  ammoniacal  supply  as  in  Plot  10  a,  which  had  no  mineral 
manure,  so  that  we  are  thus  enabled  to  show  at  what  point  the 
mineral  supplies  of  the  native  soil  were,  in  10  a,  deficient,  in 
relation  to  the  quantity  of  ammonia  artificially  applied  to  it.  For 
the  particulars  of  the  manures  of  Plots  18a,  186,  and  176,  we 
must  refer  the  reader  to  Tables  7, 8, 9,  respectively,  but  the  com- 
parisons of  produce  to  which  we  wish  now  to  call  attention  will  be 
better  seen  in  the  summary  table,  No.  11. 

Thus,  taking  the  cases  of  exactly  similar  ammoniacal  supply, 
but  in  Plot  10a  without  mineral,  and  in  the  plot  compared  with 
it,  with  minerals,  we  have  in  1845, — 

On  Plot  10a,  31}  bushels  of  dressed  corn  and  4266  lbs.  of  straw,  by 
168  lbs.  each,  of  sulphate  and  muriate  of  ammonia. 

On  Plot  18,  33  bushels  of  dressed  corn  and  3819  lbs.  of  straw,  with  only 
112  lbs.  each,  of  the  ammoniacal  salts,  but  with  mineral  manure. 

In  1846,  with  equal  ammoniacal  supply  in  the  two  cases,  we 
have, — 

On  Plot  10fl,  27J  bushels  of  dressed  corn  and  2244  lbs.  of  straw,  without 
minerals. 

On  Plot  176,  30J  bushels  of  dressed  corn  and  2784  lbs.  of  straw,  with 
minerals. 
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In  1 847,  with  ammoniacal  supply  only,  we  have, — 

On  Plot  10a,  25}  bushels  of  dressed  corn  aud  2891  lbs.  of  straw. 
On  Plot  18a,  32J  bushels  of  dressed  corn  and  3862  lbs.  of  straw,  wtik 

minerals  added. 

In  1848,  we  have, — 

On  Plot  10a,*  19}  bushels  of  dressed  corn  and  2367  lbs.  of  straw. 
On  Plot  18a,  26}    do.  do.        and  2935  lbs.  do. 

In  1849,  we  have, — 

On  Plot  10a,  32}  bushels  of  dressed  corn  and  2854  lbs.  of  straw. 
On  Plot  18a,  324     do.  do.        and  3592  lbs.  do. 

On  Plot  17b,  33]     do.  do.        and  38581ns.  do. 

with  minerals  added  to  the  two  latter  plots. 

In  1850,  again  with  ammoniacal  salts  only,  we  hare, — 
On  Plot  10a,  27  bushels  of  dressed  corn  and  3089  lbs.  of  straw. 
And  the  minerals  and  ammonia  give — 
On  Plot  18a,  29}  bushels  of  dressed  corn  and  3927  lbs.  of  straw. 
On  Plot  176,  29*    do.  do.       and  4084  lbs.  do. 

Thus  it  appears,  then,  that  although  Plot  10a,  with  ammo- 
niacal salts  only,  has  given  every  year  a  considerable  increase  be- 
yond that  of  the  unmanured  plot,  yet  the  ammoniacal  salts  thus 
supplied  were  evidently  much  in  excess  over  the  minerals  available 
within  the  soil ;  for  in  every  case  when  minerals  have  been  also 
liberally  supplied,  we  have  in  corn,  straw,  or  both,  a  con- 
siderably larger  increase  still.  In  1849,  indeed,  the  exces- 
sively mineral-exhausted  plot  (10a)  gives  about  the  same  quantity 
of  corn  as  those  which  had  always  a  liberal  provision  of  mineral 
constituents.    The  straw,  however,  is  deficient. 

The  effect  of  mineral  manures  for  the  growth  of  wheat  is  then, 
in  these  cases,  clearly  shown : — but  what  are  the  circumstances 
under  which  this  result  is  obtained  ?  It  is  only  when,  after  taking 
from  the  land  the  whole  produce  of  a  rotation  without  return,  we 
provide  ammoniacal  salts  alone,  in  such  quantity  as  to  yield  crops 
year  after  year  larger  than  the  average  obtained  in  the  county 
under  the  ordinary  course  of  rotation  and  home  manuring ;  and 
the  produce  thus  obtained  by  ammoniacal  salts  only,  was  very 
nearly  equal  to  that  resulting  from  an  annual  supply  of  14  tons  of 
farm-yard  manure.  We  by  no  means  suppose,  however,  that  if 
some  cheap  source  of  ammonia  were  discovered,  we  might  with 

*  The  produce  of  this  plot  being  w  email,  we  had  been  dUpotsd  to  saepect  that 
some  mistake  had  arisen  either  during  the  harvest  or  at  the  time  of  ibreahhig.  It  was 
however  observed  that  the  crop  in  this  season  was  particularly  irregular  and  sickly 
where  there  was  a  deficiency  of  minerals ;  but  as  the  produce  of  this  plot  (\0a)  was  at 
the  following  harvest  ( 1 849)  considerably  more  than  we  should  have  anticipated,  we 
are  disposed  to  believe  that  the  result  as  stated  fur  1848  is  probably  correct,  and  that 
the  high  rate  of  increase  bv  ammoniacal  salts  alone,  in  1849,  was  partly  doe  to  the 
»on exhaust  ion  by  the  previous  crop. 
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impunity  continuously  exhaust  our  soils  in  the  growth  of  corn  by 
its  means ;  but,  on  the  contrary,  fully  admit  that  under  such  a 
course  our  mineral  supply  would  soon  become  deficient.  This  is 
not  the  condition  of  British  agriculture,  and  it  is  not  for  such 
circumstances,  therefore,  that  we  have  at  present  to  provide. 

But  to  recur  to  the  summary  table.  We  see  that  notwithstand- 
ing in  the  two  cases  there  was  an  equal  and  very  liberal  supply  of 
minerals  in  l*a  and  186,  we  have  with  the  cessation  of  am- 
moniacal supply  in  the  latter,  in  1846,  a  produce  10  bushels  less 
than  in  the  former,  where  the  ammoniacal  salts  were  continued. 
The  produce  of  186.  indeed,  with  the  minerals  only,  is  3±  bushels 
of  corn  and  about  380  lbs.  of  straw  more  in  1846  than  on  the 
unmanured  plot ;  but  this  exhaustion,  by  means  of  a  liberal  pro- 
vision of  minerals,  seems  to  have  been  not  without  its  effect  upon 
the  succeeding  crop;  for  although,  in  1847,  Plots  18a  and  186 
are  equal,  both  in  mineral  and  ammoniacal  manure,  we  have  in 
the  latter — which  we  have  just  seen  gave  3  bushels  increase 
nnder  mineral  only,  in  1846 — 3  bushels  less  in  1847  than  18a. 
The  straw,  however,  of  186  is  about  300  lbs.  heavier  than  that 
of  18a. 

We  may  here  observe  that  the  production  of  straw,  as  well  as 
that  of  grain,  would  seem  to  be  intimately  connected  with  the  ex- 
penditure of  nitrogen  derived  through  the  roots  of  the  plant,  and 
had  we  time  to  consider  the  question  more  fully  on  this  occasion, 
*e  should  not  have  dwelt  so  exclusively  on  the  production  of  corn 
alone  as  we  have  done.  We  may,  however,  remark,  that  the  pro- 
duction of  a  heavy  crop  of  straw  in  a  wet  season  is  probably,  from 
the  cause  alluded  to,  a  very  dearly  purchased  produce. 

We  have  already  said  that,  excepting  in  the  first  two  seasons, 
the  mineral  manures  of  176  were  exactly  the  same  as  those  of 
'8a  and  186,  and  although  we  have  seen  that  the  minerals  of 
these  plots  have  rendered  the  ammoniacal  supply  more  effective 
than  it  was  on  10a  without  the  minerals,  yet  we  observe  that 
*hen,  in  1847  and  1848,  we  give  to  176  an  additional  quantity 
°f  ammoniacal  salt,  the  produce  is  increased  beyond  that  of  18a 
and  Ibb.    "Thus  we  have  in  1847,  with  an  increased  amount  of 
ammoniacal  salt  on  17b,  3j  bushels  more  dressed  corn  and  about 
400  lbs.  more  straw  than  on  18a  with  its  equal  supply  of  minerals : 
and  again,  we  have  in  1848,  on  176,  two  bushels  more  dressed 
corn  and  400  lbs.  more  straw  than  on  18a.    It  is  clear  then  that 
the  minerals  supplied,  which  have  been  throughout  much  more 
than  equivalent  to  those  taken  off  in  the  increased  produce,  were 
only  available  so  long  as  there  was  a  liberal  provision  of  nitrogen 
tn  the  soil;  and  that  when  this  artificially  supplied  nitrogen  was 
exhausted,  the  minerals  remained  inactive  and  useless.    We  have, 
then,  in  the  very  cases  where  minerals  gave  an  increased  produce, 
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in  the  well-defined  limit  to  their  action  which  is  indicated, 
further  proof  of  the  necessity  of  an  artificial  supply  of  nitrogen 
in  the  soil  for  the  increased  production  of  corn,  and  the  incapa- 
bility of  mineral  supply  to  yield  any  increase,  excepting  when 
nitrogen  is  thus  provided. 

Turning  now  to  Table  X.,  we  find  that  the  98  tons  of  farm- 
yard manure  which  have  been  supplied  during  the  last  seven  years 
have  only  given  an  increase  of  73  bushels  of  dressed  corn  and 
3  tons  15  cwts.  of  straw  over  the  unmanured  plot.  This  is  equiva- 
lent to  only  i  of  a  bushel  of  corn  and  J  of  a  cwt.  of  straw  for  every 
ton  of  farm-yard  manure  supplied  !  Farm-yard  manure  is,  how- 
ever, a  very  variable  compound  ;  its  composition  being  dependent 
upon  the  amount  and  quality  of  the  food  consumed  by  the  animals 
which  have  produced  it.  According  to  the  mean  of  several  direct, 
experiments  upon  very  rich  box-manure,  a  ton  of  it,  in  round 
numbers,  is  composed  of  14£  cwts.  of  water,  and  5^  cwts.  of  dry 
substance,  the  latter  of  which  contains  a  large  quantity  of  mineral 
matter  and  nitrogen  equal  to  about  20  lbs.  of  ammonia;  on  the; 
other  hand,  a  ton  of  manure  composed  merely  of  straw  wetted  to 
the  same  degree,  with  of  course  the  same  amount  of  dry  substance, 
only  gives  nitrogen  equal  to  about  5  lbs.  of  ammonia,  and  probably 
much  less  than  half  of  the  more  important  minerals  of  the  rich 
box-manure.  The  farm-yard  manure  carried  out  of  our  yards, 
as  to  nitrogen,  will  generally  have  a  composition  intermediate', 
between  these  two  extremes ;  and  we  may  at  any  rate  assume  thai 
that  which  we  employed  would  contain  about  5  cwts.  of  dry  sub*' 
stance,  of  whicli  the  dry  organic  matter,  rich  in  carbon,  would  be 
three  or  four  times  as  great  as,  and  the  minerals  also  much  in  ex- 
cess of,  that  required  by  the  increase  of  corn  and  straw  which  we 
have  seen  to  be  obtained  by  their  use.  It  is  evident  therefore  that 
there  must  have  been  a  great  expenditure  of  non-nitrogenous 
organic  substance,  and  of  mineral  matter,  without  effect ;  and  we 
conceive  that  the  increase  obtained  was  much  more  intimately 
connected  with  the  amount  of  nitrogen  contained  in  the  manure 
supplied.  This  view,  indeed,  would  appear  to  be  beyond  doubt 
when  we  consider  that  the  application  of  ammoniacal  salts  alone, 
during  the  last  six  years,  as  in  plot  10a,  has  given  an  average 
increase  within  one  bushel  of  that  which  has  been  obtained  by 
the  use  of  farm-yard  manure. 

Neither  mineral  manures  nor  carbon  then,  are  indicated  by  our 
experiments  as  the  special  or  direct  manures  for  the  growth  of 
wheat.  Not  so,  however,  with  the  turnip,  for  the  successful 
cultivation  of  which  a  liberal  supply  within  the  soil  of  carbona- 
ceous substance  and  phosphates  is  found  to  be  important.  We 
have  here  then  a  remarkable  contrast — for  if  in  practice  the 
Wheat  plant  be  supplied  with  a  sufficient  amount  of  nitrogen, 
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)t  likely  to  be  deficient  in  carbon  or  in  mineral  matter ; 
he  Turnip,  on  the  other  hand,  will  not  be  provided  with 
e  quantity  of  carbon  independently  of  a  coincident  and 
itly  sufficient  supply  of  nitrogen.  And  it  is  in  this 
►ion  into  useful  food  for  stock  by  the  Root  crop  of  the 
aceous  matter  of  our  straw,  which,  after  it  has  served 
•r,  would,  beyond  this,  be  a  comparatively  useless  refuse 

grain  crops,  that  phosphoric  acid  is  found  to  be  a  very 
agent;  whilst  of  the  nitrogen  stored  up  in  the  growth 

root  crop,  a  much  larger  proportion  thafk  of  the  carbon 
is  in  the  excrements  of  the  animals,  and  serves  in  its  turn 
»  growth  of  the  succeeding  cereal  grain  :  and  hence  is  seen 
ual  reliance  between  these  two  important  crops  of  rotation. 
;>  the  influence  of  phosphoric  acid  upon  the  turnip  crop  we 
*ecur  again  presently. 

t  there  is  another  point  in  connexion  with  the  great  demand 
by  the  wheat  plant  upon  nitrogen  supplied  to  the  soil,  to 
i  we  wish  to  draw  particular  attention. 

ot,  among  from  two  to  three  hundred  experiments  with 
Hiiacal  manures,  we  have  in  no  single  instance  recovered  in 
lcrease  the  amount  of  nitrogen  provided  in  the  manure ; 
his  fact  is  perfectly  consistent  with  the  amounts  of  produce 
1,  in  the  experience  of  the  farmer,  to  be  obtained  by  the  use 
eruvian  guano  and  other  nitrogenous  manures.  Part  of  this 
t  is  doubtless  due  to  the  limited  range  of  the  roots  of  the 
t  in  relation  to  the  distribution  of  the  manure  in  the  soil ; 
much  of  it  is  materially  dependent  on  a  definite  expenditure, 
ipeak,  of  nitrogen,  which  is  taken  up  by  the  roots  of  the 
t  and  given  off  by  its  leaves  to  the  atmosphere  in  the  exercise 
>e  functional  actions  of  its  growth. 

e  Saussure,  Daubeny,  and  Draper  have  found  that  nitro- 
was  really  thus  given  off  during  the  growth  of  certain  plants  ; 
0  a  practical  point  of  view  the  question  still  arises  whether 
is  uniform  with  all  the  different  plants  which  enter  into  a 
ion. 

relation  to  this  subject  we  have  ourselves,  during  the  last 
years,  undertaken  a  series  of  experiments,  in  the  hope  of 
?r  or  later  elucidating  this  truly  interesting  and  important 
ict.  We  cannot  here  enter  into  a  consideration  of  the  results 
b  have  been  thus  obtained,  but  we  may  briefly  indicate  a 
Me  conclusion  to  which  the  experiments  would  seem  to  lead, 
esults  of  a  preliminary  series  of  which  have  already  been 
ished  in  the  Journal  of  the  Horticultural  Society,  for  January 
Thus  we  have  found,  that  whilst  for  a  given  quantity  of 
r  passed  through  the  plant  during  its  growth  the  amount  of 
litrogenous  substances  fixed  in  it  is,  within  somewhat  narrow 
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limits,  identical;  that  of  the  nitrogenous  proximates  fixed  is,  on 
tbe  other  hand,  about  twice  as  great  in  the  Legumiuosa?  as  iti  the 
Graminacea?.  This  fact,  too,  perfectly  coincides  with  the  results 
of  our  experiments  in  the  field,  with  wheat  and  beans  respectively, 
which  show  that  under  the  same  circumstances  of  growth,  as  to 
manure*  &c,  and  in  the  same  season,  the  acreage  yield  of  nitrogen 
is  twice  or  thrice  as  great  in  beans  as  in  wheat.  It  cannot  be 
supposed,  however,  that  with  the  larger  amount  of  nitrogen 
harvested  in  the  leguminous  crop  the  soil  would  be  proportion- 
ally exhausted  »f  it,  for  common  practice  teaches  that,  other 
things  being:  equal,  wheat,  which  is  especially  dependent  oil  the 
supply  of  nitrogen  in  the  sod,  would  give  a  larger  produce  after 
a  bean  than  after  a  wheat  crop. 

Here  then  it  would  appear  that  there  is  evidence  of  a  superior 
power  in  the  leguminous,  as  compared  with  the  graminaceous 
plains,  of  obtaining  their  nitrogen  from  the  atmosphere  rather  than 
from  the  soil  ;  or  it  may  be  supposed  that  the  expenditure  of  it 
during  the  growth  of  the  plant  is  greater  in  the  one  case  than  io 
the  other. 

Id  support  of  the  view  that  leguminous  plants  do  possess  a 
superior  power  of  reliance  upon  the  atmosphere  for  their  nitrogen, 
and,  indeed,  that  it  is  to  this  property  that  they  materially  owe 
their  efficacy  in  rotation  with  grain,  we  may  refer  to  tbe  admirable 
investigations  into  the  Chemistry  of  Agriculture  of  M.  Boussiu- 
gault.  His  experiments,  however,  have  not  received  the  ffltffflf— ' 
which  ihey  merit  from  the  agriculturists  of  this  country  ;  probably 
on  account  of  the  small  amounts  of  produce  which  he  obtained. 
But  it  must  be  remembered  that  his  investigation  had  for  its  object 
to  explain  the  practices  of  agriculture  as  he  found  them  in  his  own 
locality,  before  attempting  to  deviate  from  its  established  rules. 
M.  Boussingault  states  the  rotation  usually  adopted  at  Bechei- 
bronn,  and  throughout  the  greater  part  of  Alsace,  to 
follows : — - 

"  Potatoes  or  beet  root/' 
"Wheat/' 
"  Clover," 
«  Wheat  iH 

and  that  tlirt  average  of  wheat  so  obtained  ist  after  potatoes 
bushels,  after  beet-root  17  bushels,  and  afier  clover  24  bushels  - 
Now  we  find  by  reference  to  his  table  that  the  first  crop  of  wheat* 
grain,  and  straw  removed  1 7  lbs.  of  phosphoric  acid  and  24  ] Its- 
of  potash  and  soda;  the  following  clover  crop,  J 8  lbs,  of  phos- 
phoric acid  and  77  lbs*  of  potash  and  soda ;  and  after  thi* 
removal  of  alkalies  and  phosphates  by  the  clover,  a  i 
wheat  is  obtained,    Surely  it  would  seem  imp 
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%  result  with  a  theory  which  supposes  the  produce  of  wheat  to 
;  and  fall  with  the  quantity  of  minerals  available  within  the 
1.  If,  however,  we  admit  that  the  first  crop  of  wheat  could 
t  take  up  the  mineral  matters  existing  in  the  soil  for  want  of 
rogenous  supply,  and  that  the  clover  crop,  not  being  so  de- 
odent  upon  supplied  nitrogen,  was  able  to  take  up  the  minerals 
juired  for  its  growth,  and  that  it  moreover  left  in  the  soil, 
ficient  ammonia,  or  its  equivalent  of  nitrogen  in  some  form,  to 
e  the  increased  crop  of  wheat,  we  have  a  much  more  consistent 
[1  probable  solution  of  the  results.  There  is  little  doubt  that 
.  Boussingault  could  have  increased  his  produce  of  wheat  by 
;ans  of  ammoniacal  salts:  whether  he  could  have  done  so 
>nomically  is  another  question,  depending  of  course  upon  the 
ative  prices  of  grain  and  ammonia. 

In  our  paper  upon  the  growth  of  wheat,  published  in  the 
urnal  of  the  Rojal  Agricultural  Society  in  1847,  we  have 
em p ted  an  estimate  of  the  probable  amount  of  nitrogen 
juired  to  obtain  a  given  amount  of  it  in  the  increased  produce, 
e  there  provisionally  assumed  that  5  lbs.  of  ammonia  were 
juired  to  produce  an  increase  of  one  bushel  of  corn  and  its 
uivalent  of  straw.  We  do  not  intend  to  enter  fully  into  the 
est  ion  of  the  accuracy  of  this  estimate  on  the  present  occasion, 
t  we  may  observe  in  passing,  that  among  the  plots  the  history 

which  we  have  given  in  the  foregoing  pages  down  to  the  last 
rvest,  there  is  not  one,  even  under  the  best  conditions  as  to 
ificial  mineral  supply,  where  the  ammonia,  on  the  average  of 
tsons,  has  given  an  increase  equal  to  that  supposed  in  our 
imate.  And  even  supposing  that  the  farm-yard  manure  em- 
>yed  in  our  experiments  contained  no  more  nitrogen  than  we 
ve  stated  would  have  been  provided  in  merely  wetted  straw,  we 
re  not  obtained  by  its  means  as  much  as  a  bushel  of  corn  and 

equivalent  of  straw  for  each  5  lbs.  of  ammonia  thus  supplied 
the  manure.    It  may  be  said,  perhaps,  that  the  circumstances 

experiments  wherein  wheat  has  been  grown  for  several  years 
ccessively  on  the  same  land,  are  very  artificial ;  but  such  is  the 
tult  which  they  have  yielded,  and  it  is  at  any  rate  worthy  of  the 
rious  attention  of  the  reader.  In  some  cases  of  our  ex  peri - 
;nts,  however,  which  are  in  no  degree  less  artificial,  a  slightly 
iter  result  has  been  obtained.    But  to  this  point  we  shall  recur 

some  future  occasion. 

Without  further  inquiring  then,  into  the  correctness  of  our 
timate,  it  would  seem  that  a  loss  of  this  kind  during  the  growth 
the  plant  is  a  fact  which  is  sufficiently  substantiated,  at  once  by 
e  practical  experience  of  the  farmer,  and  by  experiments  of  an 
dependent  kind  relating  to  it.  And,  let  it  once  be  recognised, 
i  agricultural  science,  that  there  is  a  definite  expenditure  or 
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consumption  of  the  nitrogenous  bodies  derived  through  the  root*, 
connected  with  the  fixation  anil  elaboration  of  certain  constituents 
of  plants,  and  that  this  is  greater  or  less  according  to  the  sources 
or  the  exact  composition  or  Stale  of  elaboration  of  the  products,  and 
an  important  step  will  be  gained  towards  a  clearer  conception  of 
the  principles  involved  in  the  alternation  in  a  course  of  cropping; 
of  plants  of  varying  products  and  habits  of  growth.  The  fallacy, 
too,  of  the  theory  which  would  supply  to  plants  a  manure, 
founded  on  a  knowledge  of  the  percentage  composition  alone, 
whether  of  their  ashes  or  of  their  organic  substance,  will  at  once 
be  obvious.  Nay,  the  converse  of  the  axiom  herein  implied  is 
more  nearly  true,  at  least  in  some  important  cases  ;  for,  as  we 
have  elsewhere  asserted,  with  regard  to  the  Wheat  and  Beau 
plants. for  example,  the  former,  that  is  the  Wheat,  as  compared 
with  the  latter,  is  characterized  by  a  low  percentage  of  nitrogen 
and  a  relatively  high  percentage  of  carbon  ;  but  all  experience 
and  the  tendency  of  all  our  results  is  to  show,  that  the  low 
nitrogen ized  Wheat  crop  requires  for  its  luxuriant  growth  an 
abundant  supplj  T  nitrogen  by  manure  s  and  that  with  this  it  is 
practically  independent  of  supplied  carbon  ;  w  hilst  the  highly 
nitrogenous  Leguminous  plant  is,  other  things  being  equal,  by 
no  means  strikingly  and  characteristically  benefited  by  nitro- 
genous manures.  Were  it  otherwise,  where  would  be  the  sub* 
serviency  of  the  leguminous  plants  grown  in  rotation  with  grain? 
We  had,  indeed,  at  one  time  supposed  that  clover  was  greatly 
dependent  on  an  artificial  provision  of  nitrogen,  but  this  view  is 
not  favoured  by  further  investigation;  whilst  with  it,  as  well  as 
with  those  leguminous  plants  valued  in  agriculture  for  theii 
seeds,  which  are  known  practically  to  occupy  a  peculiar  sphere 
when  grown  in  alternation  with  the  cereal  grains,  a  mineral,  and 
especially  an  alkaline  manure,  seems  to  be  more  prominently 
indicated.  Indeed  ,  it  is  to  the  / -tllvw  crops  generally,  or  tho**: 
which  are  grown  in  alternation  with  grain,  that  direct  mineral 
manures  are  of  essential  service  in  enabling  them  to  accumulate 
stores  from  the  atmosphere;  and  in  this  sense  indeed  special 
mineral  manures  may  be  said  to  be  subservient  to  the  increase* 
growth  of  grain.  And,  the  e fleet  of  alkalies  upon  leguminous 
plants,  perhaps  approaches  more  nearly  to  consistency  with  tb< 
theory  of  Baron  Lie  big  than  any  other  tact  which  lias  come  undei 
our  observation,  for  the  alkalies,  which  we  have  found  to  have  a 
very  marked  effect  upon  their  increased  growth,  predominate 
largely  in  their  ashes, 

A  beautiful  illustration  of  the  dependence  for  luxuriant  grow 1 1 
of  one  plant  upon  another  of  different  habits,  such  as  we  ban 
shown  above,  may  be  found  in  the  case  of  the  "fairy  rings/ 
where  the  fungus,  by  virtue  of  its  extraordinary  power  of  raptdV 
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accumulating  nitrogen  from  the  atmosphere  during  its  growth, 
taking  up  the  minerals  which  the  grasses,  from  their  more 
limited  power  in  this  respect,  could  not  appropriaieT'an'abundance 
sf  provision  of  the  nitrogenous  manure  so  effectived n  the  growth 
of  the  grasses,  which  are  observed  to  spring  up  with  great 
luxuriance  wherever  the  fungus  has  grown  or  fallen. 

But  again,  judging  from  the  composition  of  the  ash  of  the 
turnip,  which  shows,  both  in  the  leaf  and  in  the  bulb,  a  pro- 
portion of  alkalies  to  phosphoric  acid  of  from  four  or  five  to  one, 
we  might  be  led  to  decide  that  the  former,  rather  than  the  latter, 
were  usually  and  specially  the  more  appropriate  manures  for  the 
turnip.  Common  practice  has,  however,  definitely  determined 
in  favour  of  phosphoric  acid  rather  than  of  the  alkalies,  as  the 
special  manure  to  be  provided  for  the  turnip,  from  sources 
external  to  the  farm  itself. 

The  striking  effect  of  phosphoric  acid  upon  the  growth  of  the 
turnip,  indeed,  is  a  fact  so  well  known  to  every  intelligent  agri- 
culturist in  Great  Britain,  that  it  would  seem  quite  superfluous 
to  attempt  to  illustrate  it  by  any  direct  experiments  of  our  own. 
However,  as  Professor  Liebig  has  again,  in  the  recent  edition  of 
his  '  Letters,*  expressed  an  opinion  entirely  inconsistent  with 
such  a  result,  we  will  refer  to  one  or  two  of  the  results  obtained 
in  our  experimental  turnip- field,  which  bear  upon  the  opinion 
he  has  reiterated  as  follows : — thus,  speaking  of  the  exhaustion  of 
phosphate  of  lime  and  alkaline  phosphates  by  the  sale  of  flour, 
cattle,  &c,  he  says : — "  It  is  certain  that  this  iticessant  removal  of 
the  phosphates  must  tend  to  exhaust  the  land  and  diminish  its 
capability  of  producing  grain.  The  fields  of  Great  Britain  are  in 
a  state  of  progressive  exhaustion  from  this  cause,  as  is  proved 
by  the  rapid  extension  of  the  cultivation  of  turnips  and  mangold- 
wurzel,  plants  which  contain  the  least  amount  of  the  phosphates, 

AND  THEREFORE  REQUIRE  THE  SMALLEST  QUANTITY  FOR  THEIR 

development  !"*  Now  we  do  not  hesitate  to  say  that,  however 
small  the  quantity  of  phosphates  contained  in  the  turnip,  the 
successful  cultivation  of  it  is  more  dependent  upon  a  large 
supply  of  phosphoric  acid  in  the  manure  than  that  of  any  other 
crop. 

In  the  following  table,  then,  is  given  the  amounts  of  bulbf  since 
1843,  of— 

First,  the  continuously  unmanured  plot; 

Secondly,  that  with  a  large  amount  of  superphosphate  of  lime 
alone  each  year ;  and 


♦  See  the  third  edition  of  the  '  Letters  on  Chemistry,'  page  522. 

f  Norfolk  Whites  in  1843-4-5  6-7-8,  and  Swedes  in  1849  and  1850. 
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II  is  seen  then,  that  in  the  third  season,  viz,  1845,  the  produce 
of  the  unmanured  plot  is  reduced  to  a  few  hundredweights,  and 
since  that  period  the  size  of  the  bulbs  has  been  such  that  they 
have  not  been  considered  worth  weighing.  On  I  be  other  hand,  on 
the  plot  with  superphosphate  of  lime  alone  for  eight  success!  ie  years, 
we  have  an  average  produce  of  about  8 J  tons  of  bulb !  varying 
however,  exceedingly,  year  by  year,  according  to  the  season.  We 
see,  too,  that  by  the  ruldilion  to  superphosphate  of  lime  of  a 
large  quantity  of  the  alkalies,  much  greater  than  could  he  taken 
off  -in  the  crop,  the  average  produce  is  not  so  great  by  nearly 
halt  a  ton  as  by  the  superphosphate  of  lime  alone.  It  must  he 
admitted  that  this  extraordinary  effect  of  superphosphate  of  lime 
cannot  be  accounted  for  by  the  idea  of  merely  supplying  in  it  the 
actual  constituents  of  the  crop,  but  that  it  is*  due  to  some  special 
agency  in  developing  the  assimilative  processes  of  the  plant.  This 
opinion  is  favoured  by  the  fact  that  in  the  case  where  the  super- 
phosphate  of  lime  is  at  once  neutralized  bv  alkalies  artificially 
supplied,  the  efficacy  of  the  manure  would  seem  to  be  thereby 
reduced.  And  from  this  again,  we  would  gather  that  the  effect 
of  the  phosphoric  acid  as  such,  cannot  be  due  merely  to  the  libe- 
ration within  the  soil  of  its  alkalies,  or  we  should  suppose  that 
the  artificial  supply  of  these  would  at  least  hnve  been  attended 
with  some  increase  of  produce.  But  this  is  not  the  case,  not 
withstanding  that  by  means  of  superphosphate  of  lime  aloft 
there  has  been  taken  from  the  land  more  of  the  alkalies  ■ 
which  the  ash  of  the  turnip  so  peculiarly  abounds,  than  *vc 
have  been  lost  from  it  in  a  century  under  tfc 
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of  rotation  and  home  manuring!  Collateral  experiments  also 
clearly  prove  the  importance  of  a  liberal  supply  of  organic  sub* 
stance  rich  in  carbon — which  always  contains  a  considerable  quan- 
tity of  nitrogen  also — if  we  would  in  practical  agriculture  increase 
che  yield  much  beyond  the  amount  which  can  be  obtained  by 
mineral  manures  alone;  and  these  conditions  being  fulfilled, 
the  direct  supply  of  nitrogen,  on  the  other  hand,  is  by  no  means 
so  generally  essential.  And  it  is  where  we  have  provided  a 
liberal  supply  of  constituents  for  organic  formations,  in  addition 
to  the  mineral  manures,  that  we  have  found  the  use  of  alkalies 
not  to  be  without  effect. 

But  it  is  at  any  rate  certain  that  phosphoric  acid,  though  it 
forms  so  small  a  proportion  of  the  ash  of  the  turnip,  has  a  very 
striking  effect  on  its  growth  when  applied  as  manure ;  and  it  is 
equally  certain  that  the  extended  cultivation  of  root  crops  in 
Great  Britain  cannot  be  due  to  the  deficiency  of  this  substance 
for  the  growth  of  corn,  and  to  the  less  dependence  upon  it  of  the 
root  crops,  as  supposed  by  Baron  Liebig. 

These  curious  and  interesting  facts  in  relation  to  the  growth 
of  turnips,  as  well  as  those  which  have  been  given  in  reference  to 
wheat  and  to  the  leguminous  crops,  are  sufficient  to  prove  how 
impossible  it  is  to  form  correct  opinions  on  agricultural  chemistry 
without  the  guidance  of  direct  experiment  in  the  field.  And  we 
are  convinced  that  if  Baron  Liebig  had  watched  the  experiments 
which  we  have  had  in  progress  during  the  last  eight  years,  he 
would  long  ago  have  arrived  at  conclusions  in  the  main  agreeing 
with  those  to  which  we  have  been  irresistibly  led :  and  we  are 
disposed  to  believe  that  had  he  even  seen  the  more  detailed 
accounts  of  oar  results  given  in  oar  own  papers  in  this  Journal, 
instead  of  the  mere  reference  to  them  made  by  Mr.  Pusey,  he 
would  rather  have  accepted  them,  as  a  step  in  an  inquiry  to 
which  his  own  researches  and  writings  had  given  such  an  impetus, 
than  have  designated  them,  as  he  has  done,  as  entirely  without 
value. 

So  much,  then,  for  the  results  of  experiments  in  the  field,  and 
for  the  considerations  in  relation  to  the  functional  actions  of 
plants,  as  bearing  upon  the  character  of  the  manure  required  for 
their  growth  in  a  course  of  practical  agriculture.  Let  us  now 
consider  for  a  few  moments  what  really  are  the  main  and  cha- 
racteristic features  of  practical  agriculture,  as  most  generally 
followed  in  this  country. 

Let  os  suppose  that  the  rotation  adopted  is  that  of  Turnips, 
Barley,  Clover,  Wheat ;  that  the  turnips  and  clover  are  consumed 
upon  the  farm  by  stock,  and  that  the  meat  thus  produced,  40 
bushels  of  barley  and  30  bushels  of  wheat,  are  all  the  exports 
from  the  farm,  the  manure  from  the  consumed  turnips  and  clover> 
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and  the  straw,  both  of  barley  and  of  wheat,  being  retained  upon 
the  farm.  We  have  in  this  case,  by  the  sale  of  grain,  a  loss  of 
minerals  to  each  acre  of  I  he  farm  of  only  20  to  24  pounds  of 
potass  and  soda,  and  2ft  to  30  pounds  of  phosphoric  acid,  in  the 
course  of  ihe  relation,  or  an  average  of  5  to  6  lbs,  of  potass  and 
soda,  and  to  7i  lbs.  of  phosphoric  acid  per  acre  per  annum. 
In  the  sale  of  the  animals  there  would  of  course  be  an  additional 
loss  of  phosphoric  acid,  though,  especially  if  no  breeding-stock 
were  kept,  this  would  he  even  much  less  considerable  than  in 
that  of  the  grain  ;  and  the  amount  of  the  alkalies  thus  sent  off 
the  farm  would,  according  to  direct  experiments  of  our  own  upon 
Calves,  Bulloclts,  Lambs,  Sheep,  and  probably  be  only  about 
one- fourth  that  of  the  phosphoric  acid.  It  has,  however,  hiug  been 
decided  in  practical  agriculture  that  phosphoric  acid  may  be  ad- 
vantageously provided  in  the  purchase  of  bones  or  other  phosphatic 
manures,  though  in  practice  these  are  not  found  applicable  as  a 
direct  manure  for  the  wheat  crop;  and  as  we  have  already  said,  even 
when  employed  for  the  turnip,  its  efficacy  is  not  to  be  accounted 
for  merely  as  supplying  a  sufficiency  of  that  substance  to  be 
stored  up  in  the  crop. 

Of  the  minerals  then,  to  be  supplied  by  external  sources  yet 
to  be  discovered  or  developed,  the  question  lies  with  the  alkalies; 
and  of  these  there  will  in  the  sales  of  corn  supposed  above,  be. 
under  any  circumstances,  only  5  to  6  lbs.  per  acie  per  annum 
required  to  be  provided  from  the  stores  of  the  native  soil  by 
annual  decomposition,  in  order  that  the  immediately  available 
supply  of  them,  which  has  thereby  been  drawn  upon,  should  be 
undiminished. 

But  we  believe  that  few  will  maintain  that  the  amounts  of 
produce  above  supposed  are,  in  practice,  exported,  unless  under  a 
system  of  purchased  food  for  stock,  or  of  such  substances  as  rape- 
cake  as  manure  for  turnips;  and  by  neither  of  these  means  could 
the  produce  thus  be  raised,  without  bringing  upon  the  farm  more 
of  the  alkalies  than  could  possibly  be  exported,  in  the  increased 
produce  of  corn  and  meat  arising  from  their  use.  Under  such  a 
course,  then,  and  this  is  what  happens  wherever  land  is  well  cub 
tivated,  the  demand  upon  the  native  soil  for  alkalies,  by  the  sale 
of  corn,  will  probably  be  less  than  has  been  assumed  ;  and  it  is 
even  possib.e  that  in  actual  practice  the  available  alkalies  of  the 
toil  will,  from  the  two  causes  of  import  and  disintegration,  at  cu- 
mulate rather  than  diminish. 

In  justification  of  the  suppos  tion  that  cuitle-food  must  be  im- 
ported, if  the  sales  of  corn  and  consequent  export  of  alkalies  are 
to  be  thus  kept  up,  it  must  be  remembered  that  the  relative  price 
of  meat  and  corn,  and  that  of  manures  to  both,  as  fixed  by 
laws  of  supply  and  demand,  would  at  present,  at  least, 
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;he  idea  of  the  produce  of  the  latter,  that  is  corn,  being  maintained 
rrespectively  of  that  of  the  former — that  is  to  say,  by  imported 
nanures  alone,  and  to  the  exclusion  of  the  consumption  of  food 
lpon  the  farm  by  stock.  And  here  we  might  suggest  as  a  consi- 
ieration  well  worth  the  attention  of  practical  men,  as  a  test  of  the 
'  Mineral  Theory,"  how  it  would  be  possible  that  the  increased 
growth  of  wheat  should  be  so  limited  and  that  its  cost  should 
>e  so  great  as  in  experience  it  is  found  to  be,  if  the  only  manure 
equired  were  the  mineral  constituents  found  in  its  ashes  ?  And  fur- 
her,  we  would  ask  how,  on  the  idea,  on  the  other  hand,  that  the 
litrogen  supplied  in  our  manures  determines  the  produce  of  wheat, 
hey  could  account  for  the  relative  prices  of  wheat  and  ammonia, 
inless  on  the  supposition  that  the  expenditure  and  loss  of  the  latter 
taring  the  growth  of  the  plant,  is  a  fact  which  fundamentally 
Sects  the  production  and  cost  of  grain  in  practical  agriculture  ?* 

But  to  return  to  our  illustration.  The  animals  kept  upon  the 
mn  for  labour  too,  must  either  consume  part  of  the  produce  of 
be  farm  itself,  in  which  case  the  sales  of  corn  must  be  reduced, 
nd  consequently  the  exhaustion  of  the  alkalies  also,  or  they  must 
►e  provided  for  by  purchased  food ;  in  which  rase,  while  most  or 
il  of  the  minerals  of  such  food  will  be  retained  upon  the  farm, 
inch  of  its  Nitrogen,  and  more  still  of  its  Carbon,  will  be  lost  by 
be  vital  processes. 

It  will  be  understood  that  the  precise  circumstances  assumed 
i  the  illustration  which  we  have  sriven,  will  only  be  met  with  in 
ertain  cases,  but  whatever  deviation  from  it  may  be  found  in  ordi~ 
ary  practice  in  Great  Britain,  we  believe  that  the  line  of  argu- 
lent  here  adopted  is  very  generally  applicable,  and  that  it  will 
Iso  generally  lead  to  a  similar  result. 

It  is  true  that  owing  to  proximity  to  large  towns,  or  other  local 
rcamstances,  in  many  cases  hay  and  straw,  and  even  root-crops, 
tay  be  sent  off  the  farm ;  but  in  such  cases  local  circumstances 
*e  generally  found  fully  to  compensate  for  this  otherwise  exhaust- 
tg  process,  by  the  return  of  stable  manure,  night-soil,  and  other 
ttaral  town  manures.  Indeed,  that  the  alkalies  are  not  relatively 
►  nitrogen  exhausted  by  the  sale  of  straw  in  the  neighbourhood  of 
ondon,  for  example,  is  evident  from  the  extensive  use  and  marked 
Sects  even  of  soot  and  other  non-mineral  manures  on  the  land 
om  which  this  straw  is  taken.  But  if  it  were  not  so,  such 
istances  need  not  come  into  our  calculations  when  speaking  of 
^ri culture  generally. 

Bat  further,  Baron  Liebig  has  said  that  a  knowledge  of  our 

*  One  hundredweight  of  Peruvian  guano  will  supply  as  much  phosphoric  acid  as 
ould  be  contained  in  about  18  bushels  of  wheat  and  its  equivalent  of  straw — say 
BOO  lbs.  I  And  of  nitrogen  this  quantity  of  guano  will  contain  about  as  much  as 
I  bushels  of  wheat  and  11 00  lbs.  of  straw! 
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experience  of  fallow  is  sufficient  to  show  the  fallacy  of  oar  o] 
nions;  but  in  this  very  process,  and  that  even  of  liming  also,  wl 
rightly  considered,  we  believe  we  see  lhat  which  should  give  con- 
fidence in  the  views  we  have  maintained.  It  cannot  be-  doubted 
that  by  the  processes  of  fallowing  and  liming  the  disintegration 
of  the  minerals  of  the  soil,  and  the  increase  of  the  available  supply 
therefore  of  their  several  constituents*  must  thereby  be  enhanced, 
But  notwithstanding?  we  have  in  the  direct  e\peri menu  of  Wieg- 
tnann  and  PoUtorff,  of  Rogers,  and  others,  sufficient  evidence  of 
such  disintegration  under  the  action  of  air  and  water;  yet  there 
is,  in  our  opinion,  equal  reason  for  believing  that  the  processes  of 
fallowing  and  liming  owe  their  efficacy,  as  much  or  more  to  the 
changes  which  take  place  wiihin  the  soil  in  regard  to  the  available 
supply  of  the  nitrogen  which  plants  require,  as  of  their  purely 
mineral  constituents.  Thus  Professor  Mulder  has  concluded  lhat 
the  organic  acids  of  the  soil  which  he  has  investigated,  have  the 
power  of  accumulating  ammonia  from  the  atmosphere*  Now 
these  compounds  will  only  be  retained  within  the  soil  * 
organic  matter  is  subject  to  a  very  slow  process  of  decomp 
and  it  is  precisely  in  the  heavier  soils,  where  the  processes 
fallowing  and  liming  arc*  found  to  he  most  beneficial,  that  organic 
matter  will  be  shut  up  and  subject  to  a  verv  slow  decomposing 
ac  tion,  which  these  processes  will  materially  assist.  But  more 
important  still; — the  experiments  of  Mr.  Way  on  the  absorptive 
properties  of  soils  have  directly  proved,  what  was  before  indeed 
supposed,  that  it  is  the  heavier  soils,  those  again  therefore  that 
are  most  influenced  by  fallowing  and  liming,  that  possess  in  the 
highest  degree  the  power  of  absorption  and  retention  of  ammonia 
and  other  substances,  to  the  action  of  which  they  may  be  exposed. 
We  do  not,  indeed,  mean  to  say  that  the  processes  in  quest  ion  owe 
their  value  entirely  to  the  influence  of  the  actions  to  which  we 
have  alluded  ;  but  we  think  it  may  reasonably  be  suggested  thai 
there  is,  at  least,  as  much  evidence  in  favour  of  this  view  of 
the  efficacy  of  fallowing  more  especially,  as  in  the  mineral  theory 
of  it;  and  the  more  so  when  we  remember  that  it  is  the  wheat 
crop,  for  which  nitron  en  in  the  soil  is  found  to  be  so  important, 
that  almost  invariably  succeeds  the  fallow.  And  the  fact  that 
mineral  substances  do  at  the  same  lime  accumulate,  should  itself 
give  confidence  in  views  which,  on  independent  grounds,  suppose 
that  they  are  not  so  easily  liable  to  be  found  In  defect  in  relation 
to  other  necessary  supplies. 

Reviewing,  then,  the  actual  facts  of  practical  agriculture,  as 
generally  followed  in  Great  Britian,  we  have  seen  how  small  is 
the  utmost  annual  loss  of  alkalies  under  the  export  of  corn 
meat  alone,  and  that  the  demand  thus  made  upon  the 
the  native  soil  will  generally  be  truly  * 
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acid,  on  the  other  hand,  is  sent  off  the  farm  in  much  larger 
quantities  than  the  alkalies;  but  under  good  cultivation  it  is 
already  in  actual  practice  frequently  more  than  restored  by  the 
import  of  cattle  food,  or  direct  manures,  such  as  bones,  guano,  &c. 
Baron  Liebig,  indeed,  himself  asserts  that  farm-yard  manure  is 
the  universal  food  of  plants;  and  we  should  never  lose  sight  of 
the  fact,  that  the  very  practice  of  agriculture  in  this  country 
necessitates  the  production  of  this  manure,  by  means  of  which  it 
is  that  so  large  a  proportion  of  the  mineral  elements  of  the  crops 
raised  upon  the  land  are  in  due  time  restored  to  it :  all  our  cal- 
culations, therefore,  should  be  made  on  a  full  consideration  of 
what  is  involved  in  its  use.  This  is,  however,  not  generally 
sufficiently  borne  in  mind  by  chemists  unconnected  with  prac- 
tical agriculture;  and  to  this  cause  may,  in  great  part,  be  attri- 
buted the  reiterated  recommendations  to  imitate  in  artificial 
manures  the  composition  of  the  ashes  of  the  plants  to  be  grown. 

But  further  than  this,  taking  into  careful  consideration  the 
tendency  of  all  experience  in  practical  agriculture,  as  well  as  the 
collective  results  of  a  most  laborious  experimental  investigation 
of  the  subject,  both  in  the  field  and  in  the  laboratory,  it  is  our 
deliberate  opinion  that  the  analysis  of  that  portion  of  a  crop 
which  is  sent  off  the  farm,  whether  of  its  organic  substance  or  of 
its  ashes,  is  no  direct  guide  whatever  as  to  the  nature  of  the 
manure  required  to  be  provided  for  its  increased  growth  in  the 
ordinary  course  of  agriculture,  from  sources  extraneous  to  the  home 
manures  of  the  farm  ;  that  is  to  say,  by  artificial  means. 

In  conclusion,  then  :  if  the  theory  of  Baron  Liebig  simply  im- 
plies that  the  growing  plant  must  have  within  its  reach  a  suf- 
ficiency of  the  mineral  constituents  of  which  it  is  to  be  built  up, 
we  fully  and  entirely  assent  to  so  evident  a  truism ;  but  if,  on  the 
other  hand,  he  would  have  it  understood  that  it  is  of  the  mineral 
constituents,  as  would  be  collectively  found  in  the  ashes  of  the 
exported  produce,  that  our  soils  are  deficient  relatively  to  other 
constituents,  and  that,  in  the  present  condition  of  agriculture  in 
Great  Britain,  "  we  cannot  increase  the  fertility  of  our  fields  by 
a  supply  of  nitrogen ized  products,  or  by  salts  of  ammonia  alone, 
but  rather  that  their  produce  increases  or  diminishes,  in  a  direct 
ratio,  with  the  supply  of  mineral  elements  capable  of  assimilation," 
we  do  not  hesitate  to  say  that  every  fact  with  which  we  are 
acquainted,  in  relation  to  this  point,  is  unfavourable  to  such  a 
view.  We  have  before  stated,  however,  that  if  a  cheap  source  of 
ammonia  were  at  command,  the  available  mineral  constituents 
might  in  their  turn  become  exhausted  by  its  excessive  use. 

Baron  Liebig  states  indeed  (see  Letters  on  Chemistry,  p.  519), 
that  his  views  are  "  in  no  respect  inconsistent  with  the  good  effects 
of  an  artificial  supply  of  ammonia — that  "  a  supply  of  it  is  always 
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beneficial,  and  for  certain  objects  indispensable;" — and  that  it 
"accelerates*  the  development  of  cultivated  plants;" — ideas 
which,  we  would  submit,  are  not  consistent  with  the  supposition 
of  a  relative  deficiency  of  minerals  in  our  soils,  and  which,  if  he 
carried  out  to  their  consequences,  would  materially  lessen  the 
difference  between  his  opinions  and  our  own.  But  as  he  says  in 
the  same  page,  that  "  if  the  mineral  elements,  phosphates,  &c, 
be  duly  supplied,  the  plant  will  obtain  a  sufficient  supply  of 
ammonia  from  the  atmosphere,"  the  practical  utility  of  its  appli- 
cation by  artificial  means  would  seem  at  the  same  time  10  be  put 
out  of  the  question. 

He  further  states  (p.  519)  that  "  the  supply  of  ammonia  is  for 
many  of  our  cultivated  plants  unnecessary  and  superfluous/* 
This  seems  fully  to  imply  a  distinction  among  the  plants  grown 
in  our  rotations,  as  regards  their  demand  for  nitrogen  accumu- 
lated in  the  soil  in  the  course  of  cultivation,  and,  in  fact,  that  for 
some  plants  such  a  supply  is  necessary.  Here  is  a  point  which 
we  have  claimed  to  be  intimately  connected  with  the  utility  of  a 
rotation  of  crops.  But  when  he  says  in  the  same  chapter  (p.  514), 
"  Surely  the  terealia  and  leguminous  plants  which  we  cultivate 
must  derive  their  carbon  and  nitrogen  from  the  same  source 
whence  the  gramineous  and  leguminous  plants  of  the  meadows 
obtain  them,"  he  would  seem  to  bring  all  again  within  one 
category. 

In  another  chapter  (p.  524)  he  says  that  if  "  a  rich  and  cheap 
source  of  phosphate  of  lime  and  the  alkaline  phosphates  were 
open  to  England,  there  can  be  no  question  that  the  importation 
of  foreign  corn  might  be  altogether  dispensed  with  after  a  short 
time."  But  it  is  at  any  rate  certain  that  for  wheat,  of  all  our  crops, 
no  supply  of  minerals,  phosphates,  &c.,  to  the  fields  of  Great  Britain 
generally,  will  enable  it  to  "obtain  a  sufficient  supply  of  ammonia 
from  the  atmosphere and,  indeed,  that  any  increased  produce 
of  it,  such  as  British  agriculture  (itself  so  artificial)  demands, 
cannot  be  obtained  independently  of  an  artificial  accumulation 
of  nitrogen  within  the  soil. 

Of  those  crops  of  rotation,  on  the  other  hand,  where  the  effect 
of  mineral  manures  is  characteristically  to  increase  the  assimilation 
of  nitrogen  from  atmospheric  sources,  and  by  virtue  of  which  pro- 
perty they  indeed  become  subservient  to  the  increased  growth  of 
grain,  the  apparent  demand  for  these  substances  is  not  only  gene- 
rally not  such  in  kind  as  would  be  indicated  by  an  analysis  of  their 

*  At  tbe  recent  meeting  of  the  British  Association  at  Ipswich,  where  the  substance 
of  this  paper  was  given,  Dr.  Daubeny  brought  forward  Baron  Lie  big's  admission  of  tbe 
"  acceleration  "  of  the  growth  of  plants  by  ammonia,  as  showing  his  recognition  of 
the  importance  of  its  artificial  supply  ;  and  bence,  to  avoid  misconception,  it  seemed 
desirable,  by  means  of  further  quotations,  to  show  what  really  are  the  views  of 
Professor  Liebig  on  this  point. 
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>ut  is  frequently  much  greater  as  to  quantity  than  can  he 
ed  for  by  any  idea  of  merely  supplying  what  is  to  become 
il  constituent  of  the  crop.  If,  then,  we  would  attain  hy  the 
cience  a  rational  system  of  agriculture,  the  actual  facts  of 
itself,  as  well  as  the  indications  of  direct  experiments  in 
d,  and  a  study  of  the  functional  actions  of  plants  and 
must  receive  a  due  share  of  our  attention.  In  fact, 
ry  alone  will  do  nothing  for  practical  agriculture. 


B. — This  important  paper  so  completely  establishes  what 
\  in  our  last  Number  on  the  entire  failure  of  the  Mineral 
as  a  guide  to  the  use  of  manures  in  practical  farming,  that 
only  express  my  regret  for  the  annoyance  which  its  author 
blicly  expressed,  as  I  am  told,  at  those  remarks.  In 
ing  the  English  farmer  against  what  seemed  to  me  a  dan- 
error,  I  certainly  endeavoured  to  do  justice  to  the  real 
ries  of  Baron  Liebig.  Since  the  experiments,  however,  of 
awes  and  Dr.  Gilbert  have,  as  I  hear,  been  disputed, 
>und  to  say  that  my  confidence  in  the  scrupulous  accuracy 
i  gentlemen  has  been  only  strengthened  by  a  subsequent 
Rothamsted,  in  company  with  that  eminent  philosopher 
Dumas.  The  extent  of  the  experimental  ground — the 
ture  at  which  it  has  been  kept  up — the  perseverance  with 
'ear  after  year,  it  has  been  maintained,  are  such  as  might 
e  expected  from  a  public  institution  than  a  private  land- 
nd  render  Rothamsted,  at  present,  the  principal  source 
orthy  scientific  information  on  Agricultural  Chemistry. 

Ph.  Pusey. 
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The  character  and  amount  of  the  extraneous  matters  in  rain-water  are 
(potions  of  interest  in  so  many  points  of  view,  that  little  apology  need  be 
ttde  for  recording,  under  the  auspices  of  the  British  Association,  any  addi- 
tional information  on  that  subject.  Of  all  such  extraneous  matters,  the 
Jjjnmonia  and  nitric  acid  are  of  importance  in  the  most  numerous  aspects. 
Thus,  their  existence  in  the  atmosphere,  from  which  they  are  washed  by  the 
Kin,  is  primarily  dependent,  largely  at  least,  on  the  emanations  from  the 
•n&ee  of  the  earth,  resulting  more  or  less  directly  from  the  decomposition 
or  combustion  of  animal  and  vegetable  substances,  and  the  transformation  of 
the  animal  substance  by  the  vital  process.  Their  amounts  therefore  must  be 
Bttter  or  less  in  the  lower  strata  of  the  atmosphere,  according  to  the  local 
prevalence  of  animal  life  and  other  causes,  whilst  the  relative  amounts  of 
the  two,  especially  in  the  higher  strata  of  the  atmosphere,  will  be  dependent 
<fe  its  meteoric  or  electrical  condition.  Again,  whatever  may  be  their  source 
or  amount,  or  their  proportion  to  each  other  in  the  atmosphere  itself,  the 
mounts  of  them  which  are  carried  down  in  rain  and  the  minor  aqueous 
depoction8  from  the  atmosphere  iu  any  given  locality,  over  any  fixed  period 
of  time,  or  according  to  other  circumstances,  must  be  of  interest  at  once  in 
*aoitary,  in  a  meteorological,  and  in  an  agricultural  point  of  view. 

It  is  to  Cavendish  that  we  are  indebted  for  the  observation,  that  ammonia 
•■4  nitric  acid  are  formed  when  humid  air  is  submitted  to  voltaic  actioo. 
About  the  commencement  of  the  present  century,  De  Saussure  detected 
•fiuoonia  in  the  atmosphere.  A  few  years  later,  Chevreul  observed  its  pre- 
**ce  in  the  Seine  ;  and  in  1825,  Brandes  detected  it  in  rain-water.  Since 
U*t  time  much  more  minute  attention  has  been  paid  to  this  subject,  and 
to  the  presence  of  nitric  acid  in  rain  and  other  waters.  Liebig,  and 
BoQKingault,  have  particularly  called  attention  to  the  influence  which  the 
*tawnia  carried  down  from  the  atmosphere  must  have  upon  the  growth  of 
Wte ;  and  the  former  of  these  philosophers  pointed  out  the  occurrence  of 
utric  acid  also,  in  a  considerable  number  of  rain-waters  which  he  examined, 
specially  in  those  of  thunder-storms ;  though  to  the  amount  of  nitrogen 

brought  down  he  attached  little  importance.  Dr.  H.  Bence  Jones  has 
•80  found  nitric  acid  in  the  rain  whicn  fell  in  various  parts  of  Englai  d 
*i  in  the  south  of  Ireland. 

fiat  it  is  to  the  more  recent  labours  of  Boussingault  that  we  are  indebted 
*  our  most  elaborate  quantitative  estimations  of  the  ammonia  in  rain  and 
'her  waters  ;  and  M.  Barral  has  made  a  series  of  quantitative  determinations 
[  the  nitric  acid  as  well  as  the  ammonia,  contained  in  the  rain  which  fell  at 
^ris  during  several  consecutive  months  in  1851.  Our  own  object  in 
Storing  upon  the  Bame  field  of  inquiry,  was  chiefly  m\Yv  &        to  Vta* 
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agricultural  bearings  of  the  subject.  But  the  conduct  of  an  investigation 
involving  at  once  the  treatment  of  large  bulks  of  material,  and  the  determi- 
nations in  them  of  infinitesimally  small  amounts  of  the  substances  sought 
for,  is  attended  with  many  practical  difficulties:  and  the  scope  and  object  of 
the  present  ]japer  is  rather  to  discuss  the  methods  of  analysis,  than  to  rely 
with  confidence  on  the  conclusions  to  which  we  might  be  led  by  the  direct 
application  of  the  numerical  results  yet  obtained,  to  the  solution  of  the 
several  important  scientific  and  practical  questions  upon  which  they  bear. 

In  the  Tables  which  follow  are  given  the  results  obtained  in  the  estimation 
of  ammonia  in  rain-water  by  several  different  methods.  In  the  first  instance, 
very  larger  amounts  (from  ioO  to  200  lbs.  or  more)  of  rain-water,  to  which  a 
little  caustic  potash  was  previously  added,  were  distilled,  and  the  distillation 
of  the  product  repeated,  collecting  in  each  case  about  one-half  the  amount 
put  into  the  retort,  until  the  whole  was  reduced  to  a  convenient  bulk  for 
f urt  her  treatment.  This  was  then  evaporated  in  an  open  vessel,  with  a  known 
amount  of  sulphuric  acid  to  a  j/iven  volume.  Measured  portions  of  this  acid 
product  were  then  neutralized  by  a  standard  alkaline  solution,  in  the  usual 
manner  of  liquid  analysis.    This  process  we  designate  as  "  Method  1." 

The  system  of  graduation  adopted  throughout  the  experiments  was  that 
of  septems,  this  being  generally  employed  in  water  analyses  in  Great  Britain. 
A*  cubic  centimetres  and  litres  are  generally  adopted  abroad,  it  may  facilitate 
the  conception  of  those  accustomed  to  the  latter  measures,  to  state,  that  the 
septem  is  equal  to  7  grains  of  water  at  00°;  that  1000  septems  are  equal  toa 
decimal  Ion,  or  1  lb. :  and  lo,00()  septems  consequently  are  equal  to  1  imperial 
gallon  A  cubic  centimetre,  on  the  other  hand,  is  equal  to  1  gramme,  or 
rather  less  than  lf>i  grains  :  and  looo  cubic  centimetres,  or  grammes, are 
equal  to  1  litre.  Consequently,  for  the  purposes  of  a  general  conception 
merely,  a  cubic  centimetre  may  be  considered  as  canal  to  2Jth  septems,  and 
a  litre  to  2  tth  dccigallons,  or  lbs.  avoirdupois.  We  sliall,  however,  always 
give  the  amount  of  ammonia  found  in  one  million  parts  of  rain-water,  which 
is  precisely  equivalent  to  the  scale  of  milligrammes  of  ammonia  per  litre 
(l,00o,nno  milligrammes)  of  water,  as  adopted  by  MM.  Barrel,  Bonoin- 
gault,  and  others.  The  sulphuric  acid  used  in  the  determinations  made  bj 
Method  ] ,  was  at  "  lo^  "  strength,  10o0  septems  of  which  contain  50*1  grain* 
(one  tenth  the  combining  numlxjr)  of  the  dry  acid  ;  1  septem,  therefore,  of 
this  liquid  acid  contains  O'OoOl  grain  of  the  dry  acid,  and  is  equivalents 
the  neutralization  of  O'02I45grain  of  ammonia, which  18=^,1^^11  of  Ber- 
zelius's  number  for  ammonia.  The  acid  was  prepared  by  dissolving  66*73 
grains  (one  tenth  the  combining  number)  of  pure  carbonate  of  soda  in  1OO0 
septems,  or  a  dccigallon,  of  distilled  water  at  60°,  and  then  making  a  pre* 
vioiisly  dilute  acid  to  exactly  the  same  strength,  volume  for  volume,  by  the 
usual  alkalinietrical  method  ;  and,  from  this  acid  at  10°,  the  standard  caustic 
alkali  solutions  were  made  of  a  like  strength,  in  a  similar  manner.  The  abort 
acid  is  exactly  one-seventh  the  strength  of  Peligot's  acid. 

In  Table  I.  which  follows,  are  given  the  resnlts  of  the  determinations ol 
the  ammonia  by  this  "Method  1,"  in  the  mixed  sample  for  each  month, d 
the  rain  which  fell  in  March,  April,  May,  June,  July,  and  August,  of  185& 
The  quantities  o]>erated  upon  were  one-half  or  one-fourth  of  the  total 
amounts  collected  in  each  month,  in  a  rain-gauge  of  exactly  nrWhof  »■ 
acre  area  (  43*50  square  feet). 
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Table  I. 

:  1. — The  Bain  twice  distilled  to  fths  with  a  little  caustic  alkali,  and 
«cond  distillate  evaporated  with  sulphuric  acid  to  the  measure  of 
>  septems.    (Year  1858.) 


Uhfl. 

lbs.  of  rain 
distilled. 

Septems  of 
sulphuric 
aaa  at  wv 
added  to 

second 
distillate. 

Septems  of 
alkali  at  10" 
to  neutralize 
100  septems 

of  concen- 
trated acid 

product. 

Difference 
—  septems 

ammonia  at 
10°  in  100 

septems  acid 

J*l  W  U4«  lu 

Grains  of 
ammonia  in 
rain-water 
taken. 

Ammonia 
per  million 
of 

rain-water. 

tsh  ... 

267-2 

300  J 

17-5 
175 

12-5  I 
12-5  ] 

2681 

1-433 

a  

1696 

400  ] 

35*5 
35*5 

4*5  ) 
to  | 

0965 

0*812 

952 

300  | 

25*5 
255 

4-5  I 
45  ) 

0965 

1-448 

175-2 

700  | 

620 
62*0 

80  ) 
80  ] 

1-716 

1-399 

r 

213-0 

500  | 

435 
43-5 

65  ( 
6-5  \ 

1-394 

0-935 

Hit... 

1679 

400 

35*5 

4-5 

0965 

0*821 

seen  that  the  smallest  quantity  of  water  submitted  to  distillation  in 
ies  of  experiments  was  about  95  lbs.,  and  that  the  largest  was  about 
i  To  the  second  distillate  of  fths  of  the  amount  put  into  a  retort  of 
ith  a  little  caustic  alkali,  the  quantities  of  sulphuric  acid  at  10°  given 
mn  3  were  added,  and  the  whole  was  then  evaporated  to  the  measure 
0  septems  at  60Q.  One-tenth  of  this,  or  100  septems,  after  being 
d  by  a  given  measure  of  infusion  of  litmus  carefully  freed  from  excess 
li,  was  then  tested  with  a  caustic  alkali  solution,  also  at  10°.  It  was 
My  found,  that,  with  liquids  of  this  degree  of  concentration,  the  deter- 
>n  could  be  made  to  a  single  drop  of  the  test  alkali.  This  would  give 
num  range  of  error  of  about  -Jjjth,  or  2  per  cent,  of  the  whole  am- 
contained  in  the  water,  dependent  on  the  manipulation  of  the  test 
It  was  still  a  question  wnether  there  might  not  be  some  source  of 
ither  in  assuming  with  M.  Boussingault  that  the  whole  of  the  ammonia 
»  obtained  in  a  $ths  distillate,  or  in  supposing  that  there  would  be  no 
her  of  ammonia  or  of  acid,  in  the  evaporation  of  the  acidulated  di- 
in  open  vessels.  By  the  comparison  which  will  presently  be  made, 
r,  between  the  above  determinations  by  Method  1,  and  others  in 
ins  of  the  same  waters  by  Method  2,  which  in  fact  is  that  adopted  by 
aungault,  it  will  be  seen  that  there  was  probably  no  error  due  to 
&  the  causes  just  suggested.  In  fact  we  conceive  that  the  method  of 
stillation,  with  subsequent  acidnlation  and  concentration  of  the  di- 
to  a  given  measure  of  fluid,  and  the  use  of  comparatively  strong  test 
is  capable  of  giving  very  good  results  ;  but  it  was  necessarily  aban- 
from  the  great  practical  inconvenience,  and  frequent  breakage,  in 
ting  distillations  in  glass  on  so  large  a  scale, 
le  next  Table  (II.)  are  given  the  actual  results  obtained  \yj "NlfetittfA^  \ 
is  substantially  that  of  M.  Boussingault.  M.  Bo\\samgi\x\tf  %  \kw£5& 
>  in  submitting  to  a  single  distillation,  generally  not  mote  \\vtta\\&» 
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(about  35£  ounces)  of  water,  and  collecting  and  testing  by  the  aflkalimetrifld 
method,  two  or  more  successive  fifths  or  tenths  of  the  product.  For  Ah  < 
purpose  If.  Boussingault  uses  a  test  acid  little  more  than  }th  therrtragthof 
our  acid  at  10°,  and  only  ^th  the  strength  of  the  test  acid  of  1L  PdgoL 
His  test  alkaline  solution,  again,  is  not  Quite  ird  the  strength,  vohnne  fir 
volume,  of  his  test  acid.   In  practice  he  finds  that  the  limit  of  error  inthft 
use  of  this  dilute  alkaline  solution  is  about  0a2  cub.  cent,  measures  of  it,eaml 
to  about  0  033  milligramme,  equal  to  0*0005  grain  of  ammonia.  This,  equl  to 
about  *0-<yptn  of  a  EJ^11  on^7i  *8  certainly  a  suprisingly  small  actual  amomt 
of  ammonia  to  determine  by  analvBis  ;  but  when  it  is  considered,  that  in  the 
quantity  of  water  operated  upon  by  M.  Boussingault,  there  is  seldom  1  m3- 
hgramme=0'0154  grain  of  ammonia,  it  is  obvious  that  au  error  of  onbr 
0*033  milligramme  or  0*005  grain,  however  small  in  actual  amount,  is  rtul 
considerable  in  the  relation  to  the  whole  to  be  estimated,  amounting  in  the  cm 
supposed  to  about  ^th  or  8£rd  per  cent.  But  when  we  farther  consider,  that 
the  total  amount  of  ammonia  in  a  litre  of  water  is  frequently  considerably  lm 
than  a  milligramme,  and  also  that  this  total  amount,  whatever  it  may  be,  ie  | 
divided  for  testing  into  two  or  more  seperate  portions  of  the  distillate,  it  ii  i 
obvious  that  the  minimum  range  of  error,  especially  in  the  testing  of  the 
weaker  portions,  must  be  very  considerable  indeed  in  proportion  to  its  whole 
amount.  We  have,  however,  had  the  privilege  of  witnessing*  the  conduct  of 
the  process  in  the  hands  both  of  M.  Boussingault  and  of  his  able  assistiot  ' 
M.  Houzeau,  and  certainly  with  suprising  uniformity  of  result.  { 
In  Table  II.  arc  given  the  actual  results  of  experiments  in  the  Rothamstoi  : 
Laboratory,  in  which  60  ounces,  instead  of  only  1  litre,  were  generally 
submitted  to  distillation  ;  and  although  the  greatest  care  was  taken,  it  mint 
be  admitted  that  in  these  first  results  of  unpractised  hands,  neither  rathe  ; 
relation  of  the  ammonia  in  the  successive  portions  of  the  distillate  so  unifofti 
as  in  the  experiments  of  M.  Boussingault,  nor  were  the  total  amount*  of 
ammonia  found  in  duplicate  specimens  of  water  so  coincident  as  could  be 
wished.    But  it  must  be  clearly  understood,  that  attention  is  called  to  thie 

Eint  not  in  the  least  with  the  view  of  depreciating  the  admirable  laboured* 
.  Boussingault,  which  we  are  satisfied  liave  been  conducted  with  the  utmolt 
accuracy  of  which  the  process  is  capable,  but  it  seems  desirable  to  point  art 
how  serious  may  l>e  the  proportioned  error  in  less  constantly  practised  or  kr* 
careful  hands. 

It  should  be  mentioned,  that  in  our  conduct  of  this  Method  2, in  alios** 
excepting  for  the  month  of  April,  a  test  acid  of  1°  strength  only  was  «*- 
ployed  ;  that  is  to  say  TVth  the  strength  of  that  used  previously,  and  it  «■* 
moreover  only  about  £ths  the  strength  of  Boussingault's  acid.  The  t*# 
alkali,  on  the  other  hand,  was,  for  the  rain  of  the  first  four  months,  at  l9* 
and  afterwards  at  only  A°  strength,  which  latter  is  very  nearly  identical!/ 
the  same  as  that  used  by  Boussingault.   We  sought  to  measure  too,  to  a  Jd* 
of  a  septem  of  the  stronger,  and  %  a  septem  of  the  weaker  alkaline  tab" 
liquor,  which  respectively  represented  0*084  milligramme,  or  0*00054  gnirP 
of  ammonia,  almost  identically  the  same  degree  of  accuracy  as  that  attained 
by  M.  Boussingault  in  measuring  to  0*2  cub.  cent,  of  his  alkali =0*088  nuDe-** 
gramme  of  ammonia.    The  fractional  distillates  were  collected  in  rnri£ 
flasks  marked  according  to  the  quantity  to  be  collected,  each  of  whiokr 
when  filled,  was  corked  up  until  the  series  was  ready  for  testing.  A*» 
equal  measure  of  pure  distilled  water  was  then  put  into  a  test-glaas  side  \tf 
side  with  the  distillates,  and  to  it  was  added  the  same  measure  of  Htaor* 
And  acid  as  to  the  rain  product*.    This  being  neutralised  with  its  aarl* 
equivalent  of  the  test-alkali,  furmsYvftfli  a  g\AAft     to  Vhft \wr&  to  aimnrit 
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be  other  testings,  which  were  then  performed  as  rapidly  as  possible, 
nent  the  absorption  of  carbonic  acid  from  the  atmosphere.  It  was 
by  numerous  trials,  that  this  adoption  of  a  standard—and  com- 
rith  the  method  of  M.  Bonssinganlt  somewhat  more  permanent  point 
nation— eave  us  greater  uniformity  of  result  in  duplicate  experiments 
[uids  of  known  strength,  than  that  of  taking  the  point  of  first  perfect 
n  of  blue  colour  throughout  the  liquid,  as  adopted  by  Boussingault ; 
e  test-liquors  were  therefore  arranged  accordingly.  It  should  be 
&at  the  rapid  diffusion  of  the  alkali  through  the  liquid  was  favoured 
easing  its  specific  gravity  by  the  addition  of  neutral  sulphate  of 
as  employed  by  M.  Boussingault  for  that  purpose. 

Tablb  II. 


2. — By  the  single  distillation  of  small  quantities  of  water  (with 
i),  and  testing  successive  portions  of  the  distillate  according  to 
singault. 


s 

Septems  of  Ammonia  at  1°  in  portions  of  distillate. 

Ounces 

ammonia 

I 

of 
ram- 
water. 

let 
tenth. 

tnd 

tenth, 
or  1st 

Srd 
tenth. 

4th 

tenth; 
or  tnd 

6th 
tenth. 

6th 

tenth, 
or  8rd 

TotaL 

mfilton 
rain- 

ll. 

1 

fifth. 

fifth. 

fifth 

water. 

1 

30 

4-0 

1-0 

5-0 

0-817 

2 

30 

4-0 

1-0 

6-0 

1 

1 

30 

45 

20 

i'-'o 

75 

2 

60 

7«0 

30 

'  2-0 

20 

14-0 

1 1-225 

3 

60 

8-0 

4-0 

20 

2-0 

16*0 

1 

SO 

75 

2-5 

1-5 

1-5 

i-b 

14-0 

1144 

1 

60 

50 

2-5 

20 

10 

1-0 

11-5 

0-939 

1 

60 

4*5 

1-5 

15 

10 

1-0 

0-5 

lO'O 

>... ' 

2 

60 

5*0 

1-75 

1-5 

1*5 

1-0 

10-75 

1 0851 

3 

60 

4*75 

2-0 

1-5 

1-25 

1-0 

10-5 

1 

60 

4  5 

2-0 

1-0 

05 

00 

8-0 

2 

60 

4-5 

1-5 

1-0 

1-5 

1-5 

100 

l  (r785 

ber« 

3 

60 

475 

2-0 

1-5 

1-0 

0*6 

9-75 

4 

60 

5-0 

1-75 

10 

05 

0-5 

8-75 

5 

60 

475 

1-5 

10 

0*75 

0-5 

8-5 

1 

60 

4-75 

1-5 

0*76 

0-5 

05 

8-0 

r  « 

2 

60 

4*5 

2*25 

1-5 

075 

075 

975 

■  0-688 

3 

60 

40 

1-25 

10 

075 

05 

7-5 

1 

60 

5-0 

15 

1-25 

075 

0-5 

90 

ber< 

2 

60 

6-0 

2-0 

1-25 

0*75 

0*5 

10-5 

0-803 

3 

60 

6-0 

1*25 

1-5 

05 

0-75 

10-0 

1 

60 

12-75 

325 

2-0 

10 

1-0 

20-0 

\  1-614 

2 

60 

12-5 

35 

1-5 

10 

1-0 

19-5 

eference  to  the  figures  in  the  Table  it  may  be  mentioned,  that  M. 
agault  found  that  each  successive  tenth  of*  the  distillate  contained 
e  ammonia  only  of  its  predecessor,  and  that  the  whole  appreciable 
Ja  was  generally  contained  in  the  first  four  or  five  tenths.  It  is  seen 
lis  rule  as  to  the  proportional  diminution  of  the  ammonia  in  the 
oal  distillates  is  not  well  borne  out  in  the  figures  of  our  Table  ;  and 
;h  we  do  not  call  in  question  the  fact  of  this  actual  relationship  in  an 
iely  uniformly  conducted  series,  yet  it  would  seem  that  in  practice  it 
easy  to  attain  it.  Nor  can  we  be  much  surprised  at  the  difference  in 
icunt  of  ammonia  indicated  in  the  "  total "  oolutmx  m  cam  oi  tou^v- 
lalyBea,  when  we  remember  that  each  total  is  the  sum  ot  «.mo\H&& 
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obtained  in  four  or  five  separate  testings,  in  each  of  which  the  minimal 
error  of  observation  is  0*25  of  a  septem  of  ammonia  at  1°,  and  tint  i  i 
requires  considerable  practice,  and  some  dexterity  and  aocuracy  of  ata- 
vation,  to  avoid  a  greater  range  of  error.  Upon  the  whole,  then,  ooraidtriii 
that  in  operating  upon  only  a  single  litre  of  rain-water,  the  minimum  error <■ 
observation,  if  any,  will  even  with  the  most  perfect  manipulation  genenDr 
amount  to  3  or  4  per  cent,  of  the  total  ammonia  contained  in  the  water,  inl 
further,  that  in  any  but  the  most  practised  and  skilful  hands  the  error  mtf 
be  much  more  than  that  supposed — indeed  more  than  multiplied  tytta 
number  of  testings — we  were  led  to  abandon  this  second  method  also,  not- 
withstanding its  very  obvious  advantages  so  far  as  convenience  and  rapidity 
are  concerned.  These  objections  will  of  course  apply  with  still  grate 
force  when  rains  containing  less  than  the  average  amount  of  ammonia  m 
operated  upon,  and  especially  in  the  case  of  the  waters  of  springs  and  mm, 
the  average  amount  of  ammonia  in  which  would  seem,  according  to  M. 
Boussingault,  to  be  very  considerably  less  than  in  any  rain-waters. 

In  subsequent  experiments,  therefore,  we  adopted  the  plan  of  opening 
upon  several  litres  of  water  in  the  first  instance,  reducing  the  balk  by  no* 
cessive  distillations  to  one-half,  until  thus  brought  to  a  convenient  amount 
for  final  distillation,  and  subsequent  testing  of  measured  proportional  amoouti 
of  the  distillate  in  the  manner  described  in  reference  to  Method  2.  Thk 
modification,  we  have  since  observed,  was  suggested  by  H.  Bousrinpi* 
himself,  but  it  would  seem  he  did  not  generally  adopt  it.   In  the  next  TjUe 
(III.)  are  given  the  results  obtained  by  this  Method  8,  in  which  8, 6,  or 
12  lbs.  of  the  rain-water  were  first  operated  upon,  these  quantities,  is  tto 
case  might  be,  being  reduced  to  24  ounces  by  successive  distillations  a^ 
stated  above.   This  product  was  then  finally  distilled,  and  the  df 
fractioned  into  quarters,  the  first  three  of  which  were  separately 
saturated  with  the  test-acid  at  1°,  and  subsequently  neutralised  by  the 
alkali  at  \°. 

Table  III. 

Method  3. — Distillations  to  one-half,  until  reduced  to  24  ounces,  zedistalM^ 
and  successive  quarters  tested. 


Year  1854. 


Months. 


January  | 

February  j 
March... 
April*...  | 

May  | 


Septemi  of  ammonia  at  1°  In 


Bxperin 

rain-water 
taken. 

lit 
quarter. 

2nd 
quarter. 

Brd 

quarter. 

TotaL 

1 

6 

12-5 

1-25 

1-5 

15*25 

2 

6 

135 

076 

1-0 

15*26 

1 

3 

6-6 

1-6 

1*25 

9-25 

2 

3 

675 

1-5 

1-00 

9*25 

1 

3 

8*25 

0-75 

0*25 

9*26 

1 

12 

34*60 

1*75 

1-0 

37*26 

2 

12 

35-25 

2*25 

1-0 

88*60 

1 

12 

16*5 

1-26 

1-0 

18*75 

2 

12 

1625 

1-00 

075 

18*00 

ra&K 


(WW 

0*945 
0-945 
0*997 


April  checked  by  Method  2. 


Water. 


Tenth* 


It.  Snd. 


4th.  ftth. 


TotaL 


l  60  omb.  I  9-0      1-6      0*5  ^  fr&  ^  W 


0-9*0 


L 


A  glance  at  the  columns  of  detail  of  this  Table  clearly  illustrates  the  fact 
pointed  out  by  M.  Boussingault,  upon  which  this  method  of  determining  the 
ammonia  in  rain  and  other  waters  is  based,  namely,  that  in  the  case  of  very 
dilate  solutions  of  the  volatile  alkali,  nearly  the  whole  of  it  passes  over  in  the 
first  portions  of  the  distillate.   We  observe,  however,  that  even  where  the 
"total  "  amount  of  ammonia  obtained  from  duplicate  specimens  of  water  is 
the  same,  or  very  nearly  so,  still  the  quantities  determined  in  the  correspond- 
ing fractional  parte  do  not  always  agree  so  well.   This  would  seem  to  indi- 
cate that  the  discrepancy  is  due  to  irregularity  in  the  distillation,  rather  than 
to  error  of  observation  m  the  testing.   It  is  true,  that  this  method  of  suc- 
cessive distillations  is  much  more  tedious  and  troublesome  than  the  method 
of  small  single  distillations  preferred  by  M.  Boussingault ;  and  even  with  it, 
it  would  appear,  as  in  one  or  two  cases  in  Table  III.,  that  the  difference 
between  the  amounts  of  ammonia  determined  in  duplicate  specimens  of  rain- 
water, may  in  practice  be  nearly  as  great  in  proportion  to  the  whole,  as  that 
which  is  assumed  to  be  a  not  necessarily  exceeded  range  of  error  in  the 
method  of  small  single  distillations.   Upon  the  whole,  however,  we  consider 
the  modification  involved  in  this  Method  3,  to  be  practically  very  important, 
and  that  this  form  of  the  process  of  estimation  by  distillation  is  much  more 
applicable  to  this  delicate  subject  of  inquiry  than  either  of  those  which  we 
have  previously  adopted. 

Before  leaving  the  question  of  method,  it  may  be  well  to  enumerate  the 
calculated  minimum  proportions  of  error  by  the  different  methods,  supposing 
that  in  Methods  2  and  3  equally  with  Method  1,  this  error  would  necessarily 
only  occur  once  in  a  total  estimation.  This  however  is  not  the  case  ;  for  it  is 
obvious,  that  in  practice  it  might  tend  in  the  same  direction  in  the  estima- 
tion in  each  fraction  of  the  distillate.  It  is  on  the  other  hand  of  course  pos- 
sible, that  the  error,  if  it  existed,  might  be  counterbalanced  among  the  several 
tractions. 

Taking  first  Method  1,  and  supposing  one-tenth  of  the  concentrated  acid 
product  of  100  litres  of  water  to  be  finally  tested,  this  would,  on  the  average 
9f  the  amounts  found  in  the  rain  at  Kothamsted,  contain  10  milligr.= 

1543  grain  of  actual  ammonia.  Assuming  also,  as  was  found  in  the  prac- 
tice of  the  method,  that  the  degree  of  accuracy  easily  attainable  in  the  use  of 
ti^eacid  and  alkaline  test  liquors  at  10°,  indicated  0*2  milligr. =0-0031  grain 
°f  ammonia,  this  range  of  error  would  obviously  amount  to  ^th,  or  2  per 
^■nt.  of  the  whole  ammonia  contained  in  the  product  tested  :  and  it  should 

borne  in  mind,  that  so  far  as  the  testing  was  concerned,  there  was  no 
^ifliculty  whatever  in  obtaining  duplicate  estimations  which  agreed  absolutely 
to£ether ;  so  that  the  amount  of  error  in  a  series  was  certainly  not  more  in 
Practice  than  that  supposed.  The  difficulty  with  this  method  however  was, 
^  before  stated,  in  the  management  of  such  large  distillations  in  glass 
v«*els. 

In  Method  2,  that  of  M.  Boussingault,  0*083  milligr.  of  ammonia  are  sup- 
}JJ*ed  to  be  determined,  and  the  amount  of  water  operated  upon  to  be  1  litre. 
ITbe  average  amount  of  ammonia  in  1  litre  of  the  rains  collected  at 
****hamsted  is  about  1  milligr.,  or  0*0154  grain  ;  so  that  the  minimum  limit  of 
^Jjw  would  obviously  be  8*8  per  cent,  of  the  whole  amount  in  such  a  case. 
:*be  average  quantity  of  ammonia  per  litre  found  by  M:  Boussingault  in 
rain  of  the  open  country  does  not  exceed  0*8  milligr. ;  in  which  case  the 
x&inimum  error  m  estimating  to  0*083  milligr.  would  amount  to  ax4th,  or 
^bermore  than  4  per  cent,  of  the  whole.  In  the  water  of  nt'ers^thft  w^ragfc 
-amount  of  ammonia,  according-  to  M.  Boussingault,  was  not  cpite  ^ 
P*  Ht»;  upon  which,  determining  only  to  the  same  amowwl  a&  w 
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error  might  be  between  jth  and  £th,  or  about  16  5  per  cent  of  the  whole. 
In  spring-water,  again,  M.  Boussinganlt  found  generally  only  about  half  as 
much  ammonia  as  in  rivers  ;  in  which  therefore  the  smallest  error  in  the  de- 
termination in  1  litre  only,  would  amount  to  about  ird  of  the  whole. 

According  to  Method  3  again,  assuming  that  12  lbs.  of  water  (=about 
b\  litres)  were  used,  this,  taking  the  average  composition  of  the  Rothamsted 
rains,  would  contain  about  5^  milligr.  of  ammonia  ;  and  determining  as  we 
calculated  to  do,  to  0-084  milligr.,  the  minimum  error  would  thus  be  about 
T£,Tth,  or  about  (K>  per  cent,  of  the  whole.  The  probability  of  accuracy, 
therefore,  so  far  as  the  process  of  liquid  testing  is  concerned,  would  be 
greatly  in  favour  of  the  third  method,  that  of  successive  distillations. 

At  the  foot  of  Table  111.,  however,  is  given  the  determination  of  ammonia  in 
the  rain  of  April  1854,  according  to  Method  2,  which  indicates  by  the  method 
of  small  single  distillation  0*98  ammonia  per  million  of  water,  by  the  side  of 
0*967,  as  obtained  by  the  method  of  successive  distillations  ;  figures  which 
coincide  sufficiently  to  give  confidence  at  least  in  the  approximative  truth  of 
the  results  obtained  by  the  two  methods.  This  brings  us  to  a  further  con- 
sideration of  the  proportions  of  ammonia  found  in  the  rains  collected  at 
Rothamsted  by  the  different  methods,  and  of  the  actual  amounts  contained  in 
the  water  which  fell  over  a  given  area  in  different  seasons ;  and  also  to  a  com- 
parison of  our  own  results  with  those  obtained  by  other  experimenters  in 
other  localities. 


Table  IV. — Showing  the  proportion  of  ammonia  per  million  rain-water, 
and  the  lbs.  of  ammonia  in  the  monthly  rain  per  acre,  in  different  locali- 
ties and  seasons,  determined  by  different  experimenters,  and  by  different 
methods. 


Ammonia  per  million  ralu-water. 


Months. 


Llcb- 

Parin.  I  fraueiu 

!  fo»Tg. 


1851.  1852. 


Barrel. 


Boutin- 
guull. 


January 
February...' 

March  ' 

April   

May   i 

June   ' 

July  

August  ..J 
September 
October  ... 
November .' 
December  . 


3-81 
1-oS 
1-17 
8-38 


0*624 
0-415 

0-  435 

1-  494 
0-74.") 
0-721 


Means...    .'{-49  0744 


Itothamsteri. 


1853. 


Meth.  1. 


1-440 
0812 
1-448 
1-399 
0935 
0-821 


Moth.  3, 


0817 
1-225 
1144 
0-939 
0*851 
0-735 
0-688 
0-803 
1*614 


1854. 


Meth.  3. 

0-779 

0*945 

0-945 

0-967* 

0-469 


lbs.  of  ammonia  per  acre. 


Paris. 


1851. 


Barral. 


0*75 
1-00 
0-51 
0-45 
1\34 


1142  !  0-979     0*821  0'81 


Rotliamated. 


1858. 


0-77 
0-55 
0-35 
107 
095 
0-53 


0*55 
0-47 
0-88 
0*96 
0-57 
038 
0-57 
0*37 
015 


1854. 


Meth.1.  Meth.  2.  Meth.»- 


0*32 
0-20 
0*11 
0*11 
0-46 


0-74      0*54  OM 


*  By  Method  2,  0*980. 


In  Table  IV.  are  given, — 

The  amounts  of  ammonia  per  million,  in  the  rain  which  fell  at  Paris 
during  several  consecutive  months  of  1851,  as  determined  by  M.  Barral ; 

The  proportions  determined  by  M.  Bonssingault  in  the  open  country  in 
Alsace,  during  several  months  of  1852  ; 

The  proportions  in  the  rain  which  fell  at  Rothamsted  dnring  several  months 
of  1853,  in  several  cases  determined  both  by  Methods  1  and  2  ;  also  in  that 
of  several  months  of  1854  determined  by  Method  3. 

And  in  the  second  division  of  the  Table, — 

The  actual  amounts  of  ammonia  in  lbs.,  contained  in  the  rain  which  fell 
over  the  area  of  an  imperial  acre,  in  the  case  of  each  of  the  months  experi- 
mented upon  by  M.  Barral  at  Paris,  and  by  ourselves  at  Rothamsted. 

Comparing  together  the  determinations  of  the  ammonia  per  million  of  the 
nint  collected  at  Rothamsted  in  April,  May,  June,  July,  and  August  1853, 
■ade  by  both  the  Methods  I  and  2 — in  the  one  case  dealing  with  hundreds  of 
lte.of  rain-water,  and  in  the  other  with  only  80  or  60  ounces  of  it — the  coin- 
cidences are  such  as  to  lead  to  the  conclusion,  that  such  discrepancies  as  there 
we,  are  due  to  manipulative  difficulties  and  irregularities,  rather  than  to 
aroneous  principles  inherent  in  the  methods  themselves.  In  the  determina- 
tions for  May  and  June,  those  made  by  method  2  are  indeed  notably  below 
thoie  made  by  Method  1.  But  the  obvious  deviation  from  the  regularity  in 
the  Droportion  of  the  ammonia  found  in  the  different  fractional  portions  of 
fte  distillate,  as  seen  in  the  detail  of  the  determinations  given  in  Table  II., 
compared  with  that  supposed  by  M.  Boussingault  to  be  so  uniform,  would 
tad  to  greater  confidence  in  the  estimations  made  by  Method  1.  Confidence 
in  the  general  principles  of  the  various  methods  is,  however,  again  afforded 
ty&  comparison  of  the  determination  made  in  the  rain  of  April  by  Method  3, 
*ith  that  made  in  the  same  water  by  Method  2  as  given  at  the  foot  of  the 
T&ble;  the  former  giving  0*967,  and  the  latter  0*980  parts  of  ammonia  per 
Bullion  of  the  water. 

Trusting,  then,  as  we  may  do,  in  the  general  approximative  truth  of  the 
Kftolts  obtained,  we  find,  that  taking  all  the  determinations  in  the  monthly 
Uncollected  at  Rothamsted  given  in  this  Table,  and  which  apply  to  that  of 
fourteen  separate  but  consecutive  months,  the  average  amount  of  ammonia 
*  almost  exactly  one  part  in  a  million  of  the  rain.  The  average  of  Bous- 
■ffigault's  determinations  in  the  open  country  of  Alsace,  and  extending  over 

months  of  the  vear  1852,  from  May  to  October  inclusive,  is  seen  to  be  as 
as  possible  f  ths  of  the  amount  found  at  Rothamsted.  The  estima- 
tions of  M.  Barral,  on  the  other  hand,  in  the  rain  collected  at  Paris  during 
m  consecutive  months  of  1851,  from  August  to  December  inclusive,  give 
•n  average  of  nearly  parts  of  ammonia  in  a  million  of  rain-water  ;  and, 
in  subsequent  experiments,  M.  Boussingault  has  found  the  ammonia  in  the 
*foat  Paris  to  be  as  great  as  that  observed  by  M.  Barral.  There  can  be 
110  doubt,  therefore,  of  the  influence  of  a  large  city  teeming  with  animal  life, 

in  which  combustion  of  various  kinds  is  so  enormous,  upon  the  propor- 
tion of  ammonia  in  the  ambient  atmosphere,  and  consequently  on  the  amount 
°f  it  which  will  be  washed  down  in  the  rain. 

In  what  manner,  however,  locality,  strictly  so  speaking,  influences  the  actual 
•mount  of  ammonia  from  surface  emanations  or  otherwise,  in  otherwise 
*Mly  open  country,  is  still  a  question.    But  in  reference  to  the  proportion 

it  in  a  given  amount  of  rain,  it  is  at  any  rate  interesting  to  observe,  that 
^variations  which  we  found  in  the  amount  of  the  ammonia  in  rain  of  dil- 
uent but  entire  months,  when  considered  in  connexion  with  t«paJwscA 
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amounts  of  the  fall,  the  direction  of  the  wind,  and  the  general  chwiotim 
the  weather,  are  perfectly  consistent  in  kind  with  the  results  obtained  bj^- 
Boussingault  in  his  special  examinations  of  rain  falling  under  different  dc 
cumstances,  of  the  water  of  dews,  of  fogs,  Ac.  Thus,  M.  BonasinmS 
always  found  a  very  obvious  connexion  between  the  amount  of  rain  wnnfl 
fell  in  individual  showers,  and  the  proportion  of  ammonia  in  the  water  oof] 
lected  ;  there  being  more  ammonia  per  million  of  the  water  the  lett  tka 
amount  of  the  fall.  There  was  also  much  more  ammonia  at  the  comment*^ 
ment  of  a  shower  than  at  the  end  of  it,  and  after  a  drought  than  in  oontum 
ously  rainy  weather  ;  though  a  comparatively  short  cessation  of  the  rain  Wm 
sufficient  again  notably  to  increase  the  proportion  in  the  water  collected.  Im 
the  water  of  dews  and  fogs,  again,  he  found  the  proportion  of  ammonia  mm 
very  high. 

From  the  above  facts  it  would  seem,  that  the  proportion  of  ammonii 
found  in  the  aqueous  deposits  from  the  atmosphere  was  greatly  dependent 
on  the  amount  of  those  deposits  ;  or,  in  other  words,  on  the  degree  in  whfci 
they  diluted  the  soluble  matters  brought  down  by  them  from  the  atmosphoa 
Turning  now  more  directly  to  the  evidence  of  our  own  figures  in  refereooB 
to  these  points,  it  is  at  once  obvious,  that  the  period  of  the  year  has  of  ifcdf 
no  direct  influence  on  the  proportion  of  ammonia  in  the  rain  ;  for  we  find 
that  this  is  three  times  as  great  in  the  water  of  May  1858  as  in  that  of  Tbf 
1854  ;  the  proportion  found  in  the  latter  being  the  lowest,  and  that  in  m 
former  nearly  the  highest,  in  our  entire  series  of  experiments.   And  that  tbil 
was  directly  due  in  great  part  merely  to  dilution,  is  obvious  from  the 
that  whilst  there  was  comparatively  little  difference  in  the  actual  amount  d 
ammonia  brought  down  over  a  given  area  in  the  two  cases,  yet  with  to 
small  proportion  of  ammonia  in  the  rain  of  May  1854,  the  fall  was  netfjf 
three  times  as  great  as  in  May  1858.   The  largest  proportion  of  amnwa* 
throughout  the  entire  series  was,  however,  in  December  1858  ;  and  hew  * 
was  that  we  had  also  the  smallest  fall  of  rain  among  the  whole  fourteen  montk* 
submitted  to  experiment.   But  again,  with  this  very  large  proportion  « 
ammonia  per  million  of  the  ram,  there  was  during  this  month  of  Decani** 
1858,  as  is  seen  in  the  second  division  of  the  Table,  very  nearly  the  smiBa^ 
actual  amount  of  ammonia  washed  from  the  atmosphere  of  any  ease  in 
series.   Bearing  in  mind  these  facts,  it  will  be  only  what  would  be  expected* 
that  we  find  the  highest  proportion  of  ammonia  with  prevailing  northoW 
and  easterly  winds,  and  the  lowest  with  prevailing  southerly  and  westort^ 
ones ;  but  since  the  former  are  generally  coincident  with  a  low,  and  tit^ 
latter  with  a  high  amount  of  rain,  any  supposed  material  influence  of  th^ 
direction  of  the  wind  might  probably  much  more  properly  be  referred  to  th^ 
amount  of  the  fall,  or  in  other  words,  to  the  degree  of  dilution. 

In  the  same  manner,  since  with  storms  we  have  frequently  a  considerable 
total  fall,  whilst  with  dews,  mists,  and  fogs,  the  aqueous  deposition  is  am*0 
paratively  small,  any  direct  influence  which  the  conditions  of  aluHJaplMM* 
involved  in  these  states  of  the  weather  might  have  (apart  from  those  inherent* 
in  the  more  general  character  of  the  season,  or  of  local  circumstances),  either" 
upon  the  formation,  or  emanation,  or  the  slow  or  rapid  condensation  of? 
ammonia,  or  upon  the  lessening  of  its  amount  by  its  conversion  into  niftritf 
acid,  is  not  at  once  obvious  on  the  face  of  the  figures  of  the  Table,  Still,  a* 
careful  consideration  of  our  notes  as  to  the  general  character  of  the  weata* 
Of  the  different  months,  taken  in  connexion  both  with  the  proportion  flfl 
ammonia  in  the  water  collected,  and  with  the  total  amount  <rf  it  \xoadB0 
down  at  different  seasons  over  a  given  area  at  tan<L>  seems  to  indicate  ua0 
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the  prevalence  of  thunder-storms  has  not  of  itself  the  tendency  to  increase 
the  amount  of  nitrogen  brought  down  in  the  form  of  ammonia.   And,  even 
apposing  that  the  frequent  occurrence  of  storms  during  the  warmer  months 
were  found  to  be  coincident  with  a  large  actual  deposition  of  ammonia,  it 
night  still  be  a  question  whether  such  a  result  were  not  dependent  on  other 
characters  of  the  season,  or  the  conditions  of  the  lower  strata  of  the  atmo- 
sphere, and  their  connexion  with  the  surface,  rather  than  upon  those  of  the 
higher  strata,  or  the  circumstances  more  directly  leading  to  the  development 
d  the  storms.   At  any  rate  it  is  worthy  of  remark,  that  in  the  month  of 
May  1854,  which  was  characterized  by  the  occurrence  of  many,  and  some 
loj  heavy  thunder-storms,  and  by  three  times  the  fall  of  rain  of  the  cor- 
raponding  month  of  1853,  we  have  still  a  less  total  deposition  of  ammonia 
ore  a  given  area,  than  in  either  May  1853,  or  in  the  average  of  the  other 
uontha,  the  rain  of  which  was  experimented  upon  :  and,  with  regard  to  the 
influence,  on  the  other  hand,  of  the  minor  aqueous  depositions  upon  the 
Mount  of  ammonia  deposited,  our  notes  and  figures  do  not  show  any  increase 
tottxartml  amount  of  ammonia  so  deposited,  which  could  be  attributed  to 
than  irrespectively  of  other  circumstances,  but  rather  that  their  more  direct 
Act  is  upon  the  proportion  of  the  ammonia  to  the  generally  less  actual 
•nount  of  water,  as  already  pointed  out.    But,  whilst  the  proportion  of 
unmonia  per  million  of  the  water  collected  is  thus  seen  to  depend  more  on 
*fe  mere  amount  of  the  fall  than  on  the  period  of  the  year,  it  must  obviously 
*  the  same  time  be  mainly  influenced  by  the  total  amount  of  ammonia 
Jtoally  brought  down  over  a  given  area ;  and  this  again  would  seem  to 
*ve  little  direct  or  uniform  connexion,  either  with  the  amount  of  the  fall,  or 
*fch  the  period  of  the  year  merely.    Thus,  as  already  stated,  with  three  times 
•much  rain  in  May  1854  as  in  May  1853,  we  have  nearly  the  same,  or  even 
!*ther  less  total  ammonia  deposited,  with  the  larger  fall ;  and  again,  corn- 
Paring  the  results  of  March  and  April  1853  with  those  of  the  same  months 
°f  1854,  although  it  is  true  that  in  these  cases  we  have  the  larger  total 
Jttwnt  of  ammonia  brought  down  with  the  larger  fall  of  rain,  it  is  seen  that 
<*tte  is  in  March  1854  only  one-seventh,  and  in  April  1854  only  one-fifth, 
18  much  actual  ammonia  deposited  over  a  given  area  as  in  the  corresponding 
Jonths  of  1853.    It  is  then,  as  above  alluded  to,  upon  other  circumstances 
b»n  either  the  amount  of  the  fall  or  the  period  of  the  year,  that  the  amount 
f  ammonia  brought  down  by  the  aqueous  deposits  from  the  atmosphere 
**inly  depends. 

Turning  to  the  more  direct  application  of  the  figures  to  an  important  agri- 
cultural consideration,  it  may  be  stated  that  the  amount  of  nitrogen  which 
^r  experiments  showed  was  brought  down  in  actual  solution  from  the  atmo- 
phere  in  the  form  of  ammonia,  was  adequate  to  supply  but  a  small  proportion 
*  the  average  annual  amount  of  it  contained  in  the  produce  of  a  continuously 
fcfcmanured  plot  of  ground.  We  must  seek  therefore  for  some  other  source 
■•  the  nitrogen  in  our  un manured  crops,  than  that  which  is  brought  down  in 
^in,and  in  the  minor  aqueous  deposits  from  the  atmosphere,  in  the  form  of 
***u>nut :  and,  without  here  entering  into  the  question  of  the  power  of  the 
*sl,orof  the  plants  themselves,  to  take  up  the  ammonia  or  other  nitrogenous 
^pounds  from  the  atmosphere,  independently  of  the  amounts  which  would 
J*  brought  down  in  direct  solution  in  water,  there  seems  to  be  good  ground 
*^  supposing,  that  another  compound  of  nitrogen,  namely  nitric  add,  is  a 
ll**e  liberal  supplier  of  nitrogen  to  plants  from  atmospheric  sources,  thau 
ammonia  itself. 

Although,  as  has  been  Already  mentioned,  various  ex\jfet\mfcvvteT& 
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detected  nitric  acid  or  nitrates  in  rain-water,  yet  it  is  to  31.  Barrel  that  iff 
are  indebted  for  the  first  quantitative  estimations  of  nitric  acid  in  rain  wate 
which  could  lead  to  the  supposition,  that  this  is  probably  an  impartaE 
natural  or  climatic  source  of  supply  of  nitrogen  available  for  the  growth  < 
plants  :  and  scanty  as  it  yet  is,  still  our  daily  increasing  knowledge  aa  1 
the  occurrence  and  properties  of  ozone  tends  to  enhance  the  probability 
such  a  view.  It  was  hence  a  chief  object  of  this  investigation  to  detennii 
the  quantities  of  the  nitric  acid  as  well  as  of  the  ammonia,  in  the  rains  oc 
lected  at  Kothamsted,  and  to  estimate  from  these  the  sum  of  the  nitrogp 
supplied  bv  both,  in  relation  to  the  average  amount  of  it  yielded  in  o 
unmanured  crops .  Unfortunately,  however,  in  consequence  of  the  difficult' 
connected  with  the  quantitative  estimation  of  very  small  amounts  of  nit: 
acid,  and  especially  owing  to  the  existence  of  nitrogenous  impurity  in  soi 
of  the  re-agents  employed,  though  in  proportions  which  for  many  purposes 
analysis  would  be  immaterial,  the  results  arrived  at  on  this  head  are  by 
means  satisfactory  or  conclusive,  or  such  as  to  justify  a  record  of  the  mux 
rical  results  obtained. 

The  process  adopted  was  as  follows.  Large  quantities  of  the  rain-wa 
were  evaporated  with  an  alkaline  carbonate  several  times  to  dryness,  and  t 
solid  residue  was  carefully  collected  and  weighed  after  drying  at  212°.  1 
per-centage  of  nitrogen  in  this  solid  matter  was  then  sought  to  be  deft 
mined  by  Dumas'  direct-vohune  method  of  combustion  with  oxide  of  copp 
Not  only,  however,  were  the  results  of  duplicate  analyses  much  more  ai 
crepant  than  they  should  have  been,  but  the  actual  amounts  of  nitrogen  ind 
cated  were  in  some  cases  so  exceedingly  high,  that  suspicion  was  raised  ' 
to  the  purity  of  the  re-agents  employed  ;  and  it  afterwards  appeared,  tb- 
the  oxide  of  copper,  which  had  been  prepared  from  the  nitrate,  was  not  &■ 
from  comjKHinds  of  nitrogen  which  yielded  it  up  in  the  combustion.  Bl 
independently  of  the  error  which  may  have  arisen  from  this  cause,  it  mo* 
be  admitted,  that  the  process  itself  is  not  well  calculated  to  attain  the  acci 
racy  requisite  in  such  an  investigation  ;  and  in  fact,  that  an  accurate  methc* 
for  the  determination  of  small  quantities  of  nitrogen,  or  rather  of  nitric  acit 
is  still  a  great  desideratum. 

We  repeat,  then,  that  for  the  reasons  stated,  we  refrain  from  recording  th 
numerical  results  yet  obtained  in  regard  to  the  amount  of  nitric  acid  in  th 
waters  examined  ;  nor  can  we  with  full  confidence  rely  even  upon  thei 
general  indications,  in  the  discussion  of  the  important  questions,  withaviei 
to  the  elucidation  of  which  this  investigation  was  chiefly  undertaken,  and  t 
which  we  still  hoj>e  to  recur  on  some  future  occasion.  After  these  pre 
cautionary  observations,  however,  we  may  mention,  that  if  the  indications  c 
our  nitric  acid  determinations  may  be  trusted  at  all,  it  would  appear  tha 
whilst  the  per-centage  and  actual  amount  of  ammonia  might  be  less  in  th 
rain  of  thunder-storms,  and  when  there  is  a  large  fall  of  rain,  the  amount ( 
nitric  acid,  on  the  other  hand,  is  probably  increased  under  the  influence  ( 
st(  >rms.  The  results  too  would  further  lead  to  the  conclusion,  that  the  amour 
of  nitrogen  brought  down  by  the  rain  in  the  form  of  nitric  acid,  was  cor 
siderable  greater  than  that  so  deposited  in  the  form  of  ammonia.  On  thi 
point  again,  but  without  relying  confidently  on  the  indication,  it  may  still  t 
interesting  to  observe,  that  with  the  very  small  amount  of  ammonia  brough 
down  in  the  rain  of  the  winter  and  spring  months  of  1853-54,80  far  as  the 
were  examined,  and  which  were  succeeded  by  such  an  abundant  harvest,  th 
nitric  acid  results,  taking  them  as  they  stand,  show  a  much  higher  amour 
than  usual  in  the  months  in  question.   It  ia  true,  that  a  study  of  our  Hi 
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m^^iS1  raWe?  *  8ufficient  to  »bow  that  other  and  more  obvious  and 
^jwmbJe  climatic  conditions  materially  conduced  to  such  a  favourable 

h  (xmclusion,  since  there  can  be  no  doubt,  that  nitrates,  applied  as 
™wes,  greafclj  enhance  the  growth  of  plants  by  virtue  of  the  nitrogen 
contain,  any  amount  of  nitrogen  brought  down  from  the  atmosphere, 

ine  form  of  nitric  acid,  must  be  considered  to  have  an  important  in- 
foence  on  vegetation. 
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as  been  proved  by  careful  experiments  that  wheat  can  be 
ti  for  several  years  in  succession  upon  "  heavy  "  land,  and 
by  means  of  a  proper  supply  of  certain  chemical  substances, 
verage  or  even  full  agricultural  crop,  according  to  the  season, 

be  obtained  each  year  with  certainty.  But  it  is  believed 
there  have  been  no  experiments  of  the  same  kind  carried  on 
.  accuracy  and  on  a  large  scale,  upon  soils  other  than  those  of 
mparatively  heavy  character.  It  is,  indeed,  not  many  years 
e  the  practice  of  removing  from  any  land  more  than  one 

crop  in  succession,  was  condemned  as  bad  in  principle; 
when  we  consider  what  was  the  amount  of  produce  generally 
ined  in  the  second  year,  it  must  be  admitted  that,  under  the 
unstances  then  existing,  the  practice  could  not  be  easily 
ified.    The  increased  sources,  however,  of  artificial  manures 
ch  have  of  late  years  been-  opened  up,  and  more  especially 
comparatively  large  and  cheap  supplies  of  that  valuable  agent 
noma,  have  furnished  the  agriculturist  of  the  present  day 
h  a  means  of  increasing,  and  in  many  cases  of  repeating,  his 
Q  crops,  which  was  not  possessed  by  his  predecessor.  To 
*e  heavy  lands  on  which  root  crops  were  considered  but  as  a 
Jessary  evil,  these  comparatively  cheap  and  abundant  sources 
ammonia  may  be  considered  almost  as  great  a  boon  as  the 
plication  of  the  four-course  system  to  the  light  soils  by  the  late 
rl  of  Leicester.    The  limit,  however,  up  to  which  the  growth 
corn  by  means  of  artificial  manures  may  safely  be  extended 
Afferent  descriptions  of  soil,  has  yet  to  be  fixed  by  the  aid 
*er  of  practical  experience,  or  of  more  direct  experiment. 
Leaving  out  of  the  question  for  the  moment  the  important  in- 
duce of  the  subsoil  in  modifying  the  character  and  fertility  of 
e*ent  descriptions  of  land,  it  may  be  said  that,  whilst  in  the 
**vy 99  soil  certain  elements  of  fertility  are  comparatively  more 
thaustible,  though  capable  of  liberation  in  but  small  quan- 
*  each  year, — in  the  "  light 99  soil,  on  the  other  hand,  there 
generally  a  less  store  of  the  elements  of  fertility,  though 
r  will  yield  up  more  rapidly  those  which  are  added  to 
in  the  form  of  manure.    There  is,  however,  an  almost  in- 
te  variety  in  the  characters  of  our  soils;  in  some  parts  of 
island  we  have  those  of  the  most  opposite  description  within 
t&ort  distance  of  each  other ;  and  there  are  some  which  so 
i bine  the  qualities  of  44  light "  and  **  heavy  "  land,  as  to  render 
ifficult  on  which  side  to  classify  them.    There  are  others, 
in,  which  are  decidedly  light  in  character  so  far  as  the  surface 
I  is  concerned,  but  which  possess  in  their  subsoil  a  vast  store- 
Ue  of  some  of  the  native  elements  of  fertility  ;  and  hence  v*V\\\&\. 
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they  are  amenable  to  the  same  mechanical  and  other  general 
management  of  the  so-called  light  soils,  they  are  more  nearly 
allied  to  the  heavy  soils  so  far  as  the  native  resource  of  fertility 
is  concerned.  Whilst,  then,  a  broad  distinction  must  always 
exist  between  soils  which  can  without  injury  be  trodden  by  sheep 
in  the  wettest  weather  and  those  which  under  the  same  circum- 
stances will  scarcely  bear  a  foot  to  be  put  upon  them — and  it 
may  be  convenient  to  apply  to  them  the  current  designations  of 
"light'*  or  "heavy"  accordingly — it  must  at  the  same  time  be 
remembered  that  these  terms,  as  applied  to  a  surface-soil,  afford 
a  very  imperfect  indication  of  the  probable  native  resources,  and 
consequently  of  the  capabilities  of  growth  without  deterioration 
of  the  respective  soils. 

The  soil  upon  which  the  experiments  now  to  be  recorded  were 
made,  is  described  by  Mr.  Keary  as  a  "light,  thin,  and  rather 
shallow  brown  sand  loam,"  but  u  resting  upon  an  excellent  marl 
which  contains  a  large  quantity  of  calcareous  matter."  And  he 
adds  that  he  has  invariably  found  these  light  sand  loams  with  the 
above  subsoil  "  to  be  most  productive  and  grateful  for  high  farm- 
ing" In  such  a  surface-soil,  then,  there  will  be  combined  the 
easily  working  qualities  and  the  power  of  rapidly  yielding  up 
manurial  matter  of  the  so-called  "light"  soils;  whilst  in  its 
subsoil,  we  have  much  of  the  native  resource  of  constituents 
and  probably  the  power  of  absorption  or  retention  of  manurial 
matter  also,  of  the  so-called  heavy  soils.  Still  it  is  of  the 
greatest  interest,  both  in  a  scientific  and  in  a  practical  point  of 
view,  to  ascertain  by  actual  experiment  how  far  those  chemical 
substances  which  are  employed  with  success  for  the  increased 
growth  of  wheat  upon  heavy  soils,  can  be  used  with  advantage 
upon  those  of  different  descriptions:  and  these  experiments  are 
therefore  of  considerable  value  towards  filling  up  one  gap  in  our 
knowledge  on  this  subject. 

Here  it  may  be  suggested,  that  one  very  great  desideratum  at 
the  present  time  is  a  few  carefully-conducted  experiments,  not 
on  too  small  a  scale,  to  ascertain  the  result  of  the  successive 
growth  of  wheat,  on  different  descriptions  of  land,  both  un- 
manured  and  with  a  few  well-selected  artificial  manures.  How 
comparatively  trifling  would  be  the  cost  and  trouble  if  one 
person  only  in  each  agricultural  district  in  Great  Britain  would 
devote  three  acres  of  land  in  half-acre  plots  to  the  continuous 
growth  of  wheat  for  a  scries  of  years ;  one  portion  being  always 
un manured,  one  manured  with  farmyard  dung,  one  with  mineral 
manures  only,  one  with  ammoniacal  salts  only,  one  with  both  the  - 
minerals  and  the  ammoniacal  salts,  and  another  with  rape-cake?  * 
Yet  such  a  simple  series  as  this,  carefully  performed  and  accu-  — 
rately  recorded,  would  in  a  few  years  furnish  us  with  results-^" 
which  would  he  invaluable  both  in  elucidating  agricultural  prac  
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tices  as  they  are,  and  in  affording  a  sound  basis  for  deduction, 
with  a  view  to  improvement  according  to  the  variations  of  soil 
and  climate. 

It  may  be  well  to  mention,  that  with  the  exception  of  a  sug- 
gestion as  to  the  nature  and  amount  of  the  manures  to  be  applied, 
and  the  supplying  of  some  of  them  from  the  quantities  prepared 
for  the  Rothamsted  experiments,  these  experiments  at  Holkham 
have  been  entirely  under  the  management  of  Mr.  Keary.  That 
they  have  been  conducted  with  extreme  care  and  accuracy  is, 
however,  to  those  accustomed  to  make  agricultural  experiments 
upon  a  large  scale,  as  obvious  from  the  results  recorded  as  if 
each  operation  had  been  witnessed.  With  a  certain  degree  of 
experience  it  is  impossible  to  be  deceived  in  such  matters  ;  and 
it  may  safely  be  stated  that  it  is  the  injudicious  arrangement,  the 
careless  performance,  and  the  inaccurate  record  of  agricultural 
experiments,  that  more  than  anything  else  retard  our  progress 
in  scientific  agriculture  at  the  present  time. 

It  should  further  be  remarked  with  regard  to  the  land  upon 
which  these  experiments  were  made,  that  previous  to  the  intro- 
duction of  the  four-course  system  by  the  late  Earl  of  Leicester, 
it  had  been  considered  too  light  for  the  growth  of  wheat.  It  has 
now  for  some  years  been  farmed  under  that  system ;  it  was  clayed 
about  12  years  prior  to  these  experiments,  and  the  crop  imme- 
diately preceding  them  was  white  turnips,  manured  with  farm- 
yard dung  and  guano,  both  tops  and  bulbs  being  drawn  off  the 
land.  The  experimental  plots  were  half  an  acre  each  ;  the 
manures  were  as  follows,  and  were  all  sown  in  the  autumn, 
except  No.  4,  which  was  sown  in  spring : — 

No.  1.  Always  unmanured. 

No.  2.  Mineral  manures  alone. 

No.  3.  Ammonia-salts  alone  ;  sown  in  the  autumn. 

No.  4.  Ammonia-salts  alone ;  sown  in  the  spring. 

No.  5.  Both  the  mineral  manure  and  ammonia-salts. 

No.  6.  Rape-cake. 

No.  7.  Farmyard  dung. 

The  quantities  per  acre  of  the  different  manures  are  given  in 
the  Tables  of  the  results  which  follow. 

The  unmanured  plot,  when  once  exhausted  of  the  accumula- 
tions derived  from  the  more  recent  previous  manuring,  will,  of 
course,  show  the  productive  capability  of  the  soil  in  a  compara- 
tively normal  state,  in  conjunction  with  that  of  the  annual  climatic 
yield  of  the  atmospheric  elements  of  growth  ;  and  the  results  will 
provide  a  standard  with  which  to  compare  the  produce  of  the 
different  manures. 

The  mineral  manure  employed,  provides  a  liberal  supply  of 
the  alkalies,  alkaline  earths,  and  phosphoric  acid  ;  and 
duce  it  yields  compared  with  that  of  t\\e  oluei  ^V>\%, 


6  Experimm*mm&nM%  i^NKHlft 

Whether  the  result  of  the 
supplies  of  such  mineral  cciu^taeats  i*  thp  wqil  bdpw  that 
which  is  requisite  to  obtain  the  foil  benefit  of  die  annual  almoe- 
pheric  supply  of  carbon  and  nitrogen,  or  mbafcm  it  ia  the 
supply  in  the  soil  of  the  carbon  or  the  nitmgen  which  ifi  Bmt 
exhausted. 

The  use  of  ammoniaeal  softs  akm%  l^hioh  yaride  nifopfm  far 
the  growth  of  the  crop,  shows  whether  or  not  the 
wealth  of  the  soil  is  more  than  sufficient  for  the  animal 
pheric  supply  of  available  nitrogen.  And  the  ojgeet  of 
one  plot  with  ammoniaeal  salts  in  the  autumn  and  another  in  the 
spring,  was  to  show  whether  it  was  practkaHy  afrafltiyow  to 
sow  such  soluble  manures  in  the  antanm  in  so  light  *  eeiL 

The  mixture  of  botk,tte  minerals  ****  Um  mmmmd  *** 
shows,  when  the  results  are  compared  with  theae  of  each  of  these 
manures  used  separately — 1st,  whether  or  not  the  annmffly  avail* 
able  native  mineral  supply  of  the  soil,  taken  together  W!*h  top* 
in  the  manure,  was  not  competent  to  a  mnch  greater  annwmt  of 
growth  than  the  annual  atmospheric  supply  ff  nifepgen  was  aafi- 
cient  to  produce? — and  Sndly,  whether  the  amount  of  nitrggs* 
supplied  to  the  soil,  when  such  a  quantity  of  aqwogiacal  salts 
was  used  alone,  was  not  in  excess  in  proportion  to  Jfce.  annnally 
available  supply  of  minerals  from  the  soil  itself? 

Rape-cake  contains  a  large  proportion  of  wbonapaonj  **) 
nitrogenous  organic  snbstsnoes,  and  some  mineral  nutter  ;  and 
the  nitrogen  which  was  supplied  in  fb#  quantity  of  it  nsed  jn* 
nearly  identically  the  same,  or  perhaps  rather  gmater  jn 
than  that  in  the  ammoniaeal  salts  of  the  other  earpeijnients. 
The  farm-yard  dung  employed, 


as  die  product  of  yard*  in^s 
which  bullocks  were  led  on  turnips,  witn  %  mqdei^  qnentfy  ofli 
oilcake.    In  this  larm-yan}  dung,  ware  froold  ha  adie^  to  tbnaw 

soil  every  year  a  larger  supply  of  every  cot 

contained  in  the  increased  wheat  crop  grown. 

In  the  three  following  Tables  are  given,  the  quantities 
different  ingredients  used  as  manure,  and  also  the  results  obi 

In  Table  I,  are  given — The  amounts  per  acre  each  year  oirna 
each  plot,  of  the  dressed  com,  the  offal  com,  and  the  straw.* 

In  Table  II.  are  given— The  total  produce  of  com  for  the  fougr- 
years  collectively,  and  of  the  straw  for  the  last  three  years,  of  < 
plot ;  the  average  annual  produce,  both  including  and  exclui 
the  first  year  of  the  experiment ;  the  total  increase  by  manure  i 
corn  in  the  four  years,  and  of  straw  in  three  years ;  the  a  vera 
annual  increase  by  manure ;  and  in  the  last  column,  the  amou 
of  corn  yielded  by  each  plot  in  the  first  year  (1851)  above  t 
average  of  the  succeeding  years.  I 

•  It  is  nwea  to  be  regretted  that  lie  ttrav  wsa  md>  we 
Jvurs,  and  that  in  no  case  h  the  w&lil  of  cb&tf  *nd  1 
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In  Table  III.  are  given— The  weight  per  bushel  of  the  dressed 

corn  of  each  plot  each  year,  and  the  avenge  of  the  four  yean; 
also  the  proportion  of  oral  corn  to  100  dressed  corn  in  each  ease; 
and  the  proportion  of  corn  to  100  parts  of  stew. 

It  is  seen  in  the  Tables  that  the  experiments  ham  already 
extended  over  four  seasons,  namely,  1851-2-8-4.  And  although, 
owing  to  the  variable  effects  of  climatic  agencies  ^Tftrffiqg  to 
the  nature  of  the  manorial  matters  in  the  soil,  and  the  stace  or 
tendency  of  growth  of  the  plant  depending  on  it,  and  to  the  little 
that  has  yet  been  accomplished  towards  reducing  the  molts  of 
these  complex  influences  within  the  role  and  measure  of  oaloala- 
tion,  it  is  highly  important  that  such  experiments  ahoold  be  eon* 
ducted  through  a  considerable  series  of  years,  so  as  to  get  a  fair 
average,  and  thos  to  exclude  the  influence  both  of  raoant  accu- 
mulations in  the  soil,  and  of  the  climate  of  individual  seasons — 
nevertheless,  the  results  of  these  first  four  seasons  are  of  very 
considerable  interest  And  they  can  hardly  fail  to  afard  farther 
proof  to  the  practical  farmer  as  to  what  are  the  constituents  which, 
in  the  general  course  of  agriculture  with  rotation  and  home  ma- 
nuring, and  especially  with  a  liberal  growth  of  corn,  an 
to  be  most  exhausted,  and  which  therefore  it  is  most  important 
to  supply  by  artificial  manures  if  he  would  increase  his  breadth 
and  produce  of  corn. 

The  first  point  to  call  attention  to  in  the  Tables  ia  the  last 
column  of  Table  II.,  where  we  have  (riven  for  each  plot  die  ann^ 
ber  of  bushels  of  corn  obtained  in  the  first  season  of  1851,  over 
and  above  the  average  of  the  three  succeeding  seasons.  It  iai 
that  there  is  in  every  case  a  larger  produce,  by  14  to  SO  boat 
or  even  more,  obtained  by  the  same  manure  in  the  first  year  ( 
in  the  average  of  the  following  years.   This  result  speaks ' 
for  the  previous  "condition"  of  the  land;  and  it  is  also  " 
instructive  as  showing  how  useless,  for  the  purposes  of  any  j 
conclusions,  are  experiments  with  manures  conducted  < 
season  only.    It  is  in  fact  not  until  some  of  the 
fertility,  the  due  proportion  of  which  to  the  others  ia 
hended  in  the  term  "condition,"  have  been  removed  I 
soil  by  the  crop,  that  any  safe  deductions  can  be  formed  from  t 
results  of  experiments  with  manures.   Although  it  \s  poss 
that  the  field  was  not  quite  uniform  as  regards  the  accumula 
from  previous  manures,  it  is  at  the  same  time  not  surprising  tha 
we  should  find  the  excess  of  produce  in  die  first  year  greater  m 
some  of  the  plots  than  on  the  others,  when  it  h  remembered  ho* 
very  variable  were  the  conditions  of  growth  provided  by  tb 
experimental  manures,  and  also  how  dubrent  would  be  the  pcr»- 
gress  or  tendency  of  growth,  and  consequently  the  influence 
the  varying  season,  dependent  on  the  varyir 
ments  of  growth  by  manure.   It  is  however 
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the  quantity  of  straw  as  well  as  corn  was  not  ascertained  in  the 
first  year ;  for  it  is  exceedingly  probable,  that  had  it  been  so, 
there  would  hare  been  found  to  be  a  much  greater  uniformity  in 
the  excess  of  the  prose  or  total  vroduce  of  the  first  year  over  that 
of  the  others,  than  is  observable  in  that  of  the  produce  of  corn 
alone.  We  now  proceed  to  a  study  of  the  results  of  the  individual 
manures ;  and  in  the  course  of  it  it  will  be  rendered  pretty  obvious 
what  was  the  nature  of  the  unexhausted  matters  of  previous 
manuring,  which  gave  this  greater  produce  in  the  first  year  of  the 

?>lot  1,  which  was  unmanured,  gave  39}  bushels  of  dressed 
corn  the  first  year,  15*  the  second,  2H  the  third,  and  16$  the 
fourth ;  the  average  of  die  four  years  being  23£  bushels,  and  that 
of  the  last  three  years  nearly  18  bushels ;  which  latter  amount  is 
nearly  22  bushels  less  than  was  obtained  on  the  same  plot  in  the 
first  year.  This  average  of  18  bushels  per  annum  yielded  after 
the  condition  of  the  land  derived  from  recent  previous  manuring 
had  been  reduced  by  the  first  crop,  is  very  nearly  exactly  that 
obtained  annually  on  the  much  heavier  soil  of  Rothamsted.  This 
is  a  result  which  would  scarcely  have  been  anticipated ;  and  it 
shows  that,  at  any  rate  for  the  present,  the  annually  available 
supplies  of  minerals  in  the  soil  are  fully  equal  to  the  not  very 
widely  differing  atmospheric  resources  of  the  two  localities,  as 
judged  both  by  the  results  obtained,  and  by  a  comparison  of  the 
meteorological  registries  of  the  several  seasons. 

Plot  2,  which  was  manured  with  salts  of  potash,  soda,  and  mag- 
nesia, and  super-phosphate  of  lime,  gave  344  bushels  of  dressed 
com  in  the  first  year,  rather  more  than  19  in  the  second,  19f  in 
the  third,  and  184  in  the  fourth.  It  is  seen,  therefore,  that  there 
is  only  a  variation  of  about  1  bushel  during  the  last  three 
jrears ;  and  that  the  average  of  these  last  three  years  is  about 
15  bushels  less  than  was  obtained  in  the  first  year.  It  is  obvious 
that  whatever  were  the  elements  of  fertility  present  in  the  soil 
which  were  the  source  of  the  larger  crop  of  the  first  year,  they 
were  in  no  way  restored  by  the  mineral  substances  supplied  in 
the  experimental  manure.  Again,  comparing  the  produce  of  this 
mineral  mixture  with  that  of  the  unmanured  plot,  we  find  that 
taking  the  four  years  together  there  was  actually  rather  more  corn 
obtained  without  manure  than  by  the  minerals ;  the  tendency  of 
the  latter  being  to  increase  the  growth  of  straw,  of  which,  taking 
the  last  three  years  together,  there  was  about  half  a  ton  more 
obtained  by  means  of  the  minerals.  It  is  obvious  therefore  that 
mineral  manures  alone  did  little  to  remedy  the  characteristic 
exhaustion  induced  by  the  growth  of  the  first  crop  of  wheat,  and 
that  the  annual  mineral  supplies  of  the  soil  were  at  any  rate  equal 
to  the  natural  annual  supply  of  nitrogen  available  for  the  growth 
of  the  crop* 
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In  the  next  experiments  (Not.  3  and  4\  the  nume  employed 
in  each  case  consisted  of  200  lbs.  of  sulphate  of  ammonia  and 
200  lbs.  of  muriate  of  ammonia  per  acre;  out  on  Plot  3  they  were 
sown  in  the  autumn  at  the  same  time  as  the  manures  of  all  the 
other  experiments,  and  on  Plot  4  they  were  top-dressed  in  the 
spring.  Looking  to  the  columns  of  total  produce  (Table  IL),  we 
see  that,  taking  the  four  years  together,  there  is  a  difference  of 
less  than  2  bushels  between  the  produce  of  the  two  plots,  it  being 
however  rather  in  favour  of  the  autumn-sown  manure.  Hie 
autumn-sown  manure  also  gives  on  the  average  (see  Table  III.) 
a  rather  better  weight  per  bushel.  The  produce  of  straw,  taking 
together  the  three  last  years  (it  not  being  weighed  in  the  first),  is 
nearly  identical  in  the  two  cases,  there  being  a  difference  only  of 
8  lbs.  in  favour  of  the  spring-sown  manure.  Upon  the  whole, 
then,  the  results  are  in  favour  of  sowing  these  soluble  manures  in 
the  autumn  even  in  so  light  a  soil.  Comparing  the  produce  of 
the  different  years  by  ammoniacal  salts  alone,  we  find  that  there 
is  here  again  a  fall  in  the  produce  of  18  bushels  in  the  one  case, 
and  of  14  J  in  the  other,  from  the  first  year  to  the  average  of  the 
three  last  years ;  and  that  there  is  afterwards  something  like  a 
gradual  reduction  from  year  to  Tear.  It  is  obvious,  therefore! 
that  the  amount  of  nitrogen  supplied  in  this  large  dose  of  am* 
moniacal  salts  is  in  excess  over  the  annually  available  minerals  of 
the  soil,  which  it  would  appear  are  becoming  gradually  reduced. 
That  these,  however,  are  nevertheless  considerably  in  excess  over 
those  required  by  the  natural  supplies  of  nitrogen,  is  obvious  from 
the  fact,  that  whilst  by  mineral  manures  alone  we  got  no  increase 
of  corn  whatever,  and  only  a  total  increase  of  straw  in  the  last 
three  years  taken  together  of  about  half  a  ton,  the  ammoniacal 
salts  alone  have  given  in  the  four  years  a  total  increase  of  81  to  82 
bushels  of  corn,  and  in  the  three  last  years  of  2880  lbs.  of  straw. 
By  the  comparison,  then,  of  the  results  of  the  mineral  manures 
alone  by  the  side  of  those  of  the  ammoniacal  salts  alone,  we  have 
beautifully  illustrated  not  only  the  nature  of  the  characteristic 
exhaustion  induced  by  the  growth  of  the  corn,  but  we  are  also 
able  to  form  a  pretty  clear  idea  of  the  actual  degree  or  extent  of 
that  exhaustion,  much  more  so  at  any  rate  than  we  shook!  be  by 
any  analysis  of  the  soil. 

In  Experiment  5,  we  have  in  the  manure  both  the  minerals  of 
Plot  2,  which  gave  no  increase  of  corn  and  but  little  increase  of 
straw,  and  the  ammoniacal  salts  of  the  Plots  8  or  4,  which j 
a  considerable,  though  annually  decreasing,  amount  of 
The  result  of  this  mixture  of  both  minerals  and  ammoniac*!  sails 
is  to  give,  taking  the  4  vears  together,  from  58  to  54  bushels  of 
corn  and  a  large  quantity  of  straw  more  than  is  yielded  by  the 
minerals  alone.  This,  then,  is  an  annual 
bushels  of  corn  and  an  equivalent  of  straw  due  i 
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salts.  And  since  there  is  in  the  4  years  about  20  bushels  more 
increase  by  the  mixture  of  both  minerals  and  ammonia  salts  than 
by  the  ammonia  salts  alone,  it  is  obvious  that  the  minerals  of 
this  last  20  bushels  of  the  total  53  of  increase  were  derived  from 
the  mineral  manures  employed.  This  is,  therefore,  conclusive 
proof  that  these  minerals  were  supplied  to  the  land  in  a  form 
capable  of  being  rendered  available  for  the  growth  of  the  plants  ; 
and  it  is  therefore  clear  that  the  inability  of  the  minerals  when 
used  alone,  to  increase  the  assimilation  of  organic  constituents 
from  natural  sources,  was  not  due  either  to  their  not  containing 
soluble  silica  or  other  mineral  matters  required  by  the  wheat- 
plant,  or  to  an  unavailable  form  of  those  constituents  which  were 
supplied. 

In  the  next  Experiment  (No.  6),  the. manure  consisted  of 
2000  lbs.  of  rape-cake  per  acre.   As  already  explained,  rape-cake 
contains  a  large  amount  of  carbonaceous  organic  matter,  a  consi- 
derable quantity  of  nitrogen,  and  also  some  mineral  matter.  The 
quantity  applied — namely,  2000  lbs. — was  estimated  to  supply 
annually  about  the  same  amount  of  nitrogen  (but  in  a  different 
form  of  combination)  as  the  ammoniacal  salts  in  Experiments  3, 
4,  and  5  respectively.    It  also  supplied  as  much  of  the  more  im- 
portant minerals  as  would  be  contained  in  the  increase  of  produce 
which  was  obtained  by  it.    If,  therefore,  the  total  increase  of 
produce  obtained  by  the  rape-cake  should  be  pretty  nearly  the 
same  as  that  yielded  by  the  minerals  and  ammonia  of  No.  5, 
which  contained,  as  has  been  said,  nearly  the  same  amount  of 
nitrogen,  but  no  carbonaceous  oroanic  matter,  we  can  only  conclude 
thtt  the  latter  in  the  rape-cake  has  had  little  to  do  with  the 
increase ;  and,  in  fact,  that  this  is  attributable  to  the  supply  of 
nitrogen  and  minerals  afforded  by  the  rape-cake.    A  comparison 
°f  the  results  obtained  by  the  nitrogen  and  minerals  of  No.  5, 
by  the  nitrogen,  minerals,  and  carbonaceous  organic  matter  of 
*fo.  6,  shows  that,  taking  the  average  of  the  4  years,  the  latter 
fl*es  about  half  a  bushel  per  annum  more  corn,  but  about  90  lbs. 
e*»  straw  than  the  former.    It  is  true  that  although  the  average 
**Xxluce  of  the  minerals  and  ammonia  of  No.  5  and  that  of  the 
^pe-cake  of  No.  6  are  so  nearly  identical,  yet  the  produce  of  the 
varies  considerably  in  the  individual  years;  but  this  can 
freely  be  wondered  at,  when  it  is  remembered  in  what  a  very 
^Qerent  form  the  nitrogen  existed  in  the  two  manures,  and  also 
differently  the  degree  of  their  solubility,  and  consequently 
stage  or  tendency  of  growth  of  the  plant,  would  be  influenced 
^  equal  conditions  of  climate.    The  average  results  are,  how- 
v^r,  as  already  stated,  all  but  identical,  and  we  are  therefore 
^%tified  in  deciding  that  in  this  experiment,  as  well  as  in  the 
c**fcmer  ones,  the  increase  of  produce  was  measured  by  the  amount 
nitrogen  supplied  by  the  manure  in  a  form  a\ai\a\>\e  tat  Xbve 
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growth  of  the  crop— provided,  of  course,  the  necessary  minerals 
were  not  absent;  and,  further,  that  the  carbonaceous  organic 
matter  is  of  itself  of  no  practical  utility  as  a  manure  for  wheat. 
It  may  be  mentioned  that  this  is  a  result  precisely  similar  in 
character  to  that  which  has  been  obtained  in  the  Rothamsted 
experiments. 

The  next  and  last  Experiment  is  No.  7,  in  which  14  tons  of 
farm-yard  manure  were  applied  per  acre  annually.  It  has  already 
been  stated  that  this  amount  of  farm-yard  dung  would  supply 
more  of  every  constituent  than  would  be  contained  in  the  increase 
of  crop  due  to  its  employment.  It  would  contain,  in  fact,  from 
3  to  4  tons  of  carbonaceous  organic  substance,  whilst  the  annual 
increase  of  produce  did  not  contain  1  ton  of  such  matter.  The 
minerals  in  the  dung  would  also  very  far  exceed  those  in  the 
increased  produce  yielded,  and  its  nitrogen  would  be  greater  in 
amount  than  that  supplied  in  the  ammoniacal  salts  of  Experi- 
ments 3,  4,  and  5,  or  in  the  rape-cake  of  Experiment  6.  There 
would,  however,  be  this  difference  as  regards  the  nitrogen — 
namely,  that  whilst  that  which  was  supplied  in  the  ammoniacal 
salts  would  be  the  most  readily  dissolved  in  the  soil,  that  in 
the  rape-cake  would  be  so  in  a  less  degree,  though  mucb  more 
rapidly  in  a  light  soil  than  in  a  heavy  one.  Part  of  the  nitrogen 
of  the  dung  too  would  also  be  rendered  easily  available,  but  that 
portion  which  entered  into  the  composition  of  the  straw  would 
probably  require  some  years  before  the  whole  was  liberated 
and  applicable  for  the  growth  of  the  crop.  The  result  of  the 
experiment  with  the  dung  is,  that  we  get  an  average  annual  in- 
crease by  it  of  about  lOi  bushels  of  corn  and  1300  lbs.  of  straw, 
which  is  less  by  nearly  3  bushels  of  corn  and  about  150  lbs.  of 
straw  than  was  obtained  by  the  rape-cake.  The  weight  per 
bushel  of  the  corn  grown  by  the  dung  was,  however,  on  the 
average  about  f  lb.  heavier  than  that  by  the  rape-cake,  which  will 
account  for  part  of  the  deficiency.  Now,  as  we  have  seen  by  the 
other  experiments,  that  neither  minerals  alone  nor  carbonaceous 
organic  matter,  had  any  influence  in  the  increase  of  the  crop,  but 
that  wherever  there  was  a  supply  of  nitrogen  in  the  manure  there 
was  always  a  very  considerable  increase,  we  have  every  reason  to 
conclude  that  it  was  the  amount  of  nitrogen  liberated  from  the 
dung  in  a  form  applicable  by  the  plants  which  fixed  the  limit  to 
the  increase  of  produce  obtained  by  its  use.  And  in  confirma- 
tion of  this  conclusion,  it  may  be  recalled  to  mind  how  very 
small  would  be  the  amount,  both  in  the  carbonaceous  organic 
matter  and  of  mineral  matter,  in  the  increase  of  produce  obtained 
in  proportion  to  the  amount  of  either  of  them  supplied  by  the 
farm-yard  manure.  It  is  true,  that  neither  is  the  amount  of 
nitrogen  contained  in  the  increased  produce  of  wheat  ever  equal 
to  that  supplied  in  the  manure  which  yielded  that  increase ;  not 
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it  mast  be  remembered  that,  besides  any  liability  to  loss  by 
drainage,  to  which  all  might  be  subject,  the  nitrogen,  in  several 
of  its  forms  of  combination,  is  also  volatile,  and  may  be  exhaled 
into  the  atmosphere  and  lost,  but  this  is  not  the  case  with  the 
mineral  constituents  of  manure. 

Upon  the  whole,  then,  a  careful  study  of  the  various  experi- 
ments has  proved, — 

That  the  soil,  even  with  the  most  unusual  and  very  exhausting 
process  of  carrying  off  the  land  the  total  grain  and  straw  of 
several  successive  corn-crops,  after  a  root-crop  which  had  also 
been  drawn  from  the  land,  still  contained  a  larger  annual  available 
supply  of  minerals  than  the  annual  natural  supplies  of  other  con- 
stituents, nitrogen  or  carbon,  were  adequate  to  turn  to  account ; — 

That  the  excess  of  the  annual  supply  of  minerals  in  the  soil 
over  that  required  to  appropriate  the  natural  resources  of  nitrogen, 
is  proved,  by  the  effects  of  ammoniacal  salts  alone,  to  have  been 
equal  to  the  further  growth,  during  4  years,  of  about  32  bushels 
of  wheat,  or  an  average  of  about  8  bushels  per  annum ; — 

That  beyond  the  increased  annual  produce  which  the  supply 
of  minerals  in  the  soil  was  adequate  annually  to  provide  when 
nitrogen  was  not  wanting,  the  average  capabilities  of  the  climate 
were  competent  for  the  maturing  of  a  still  greater  produce,  if 
additional  minerals  as  well  as  the  ammoniacal  salts  were  pro- 
vided ;  and,  in  that  case,  from  once  and  a  half  to  twice  as  much 
corn  was  grown  as  the  natural  supplies  of  nitrogen,  even  with  a 
most  liberal  supply  of  minerals,  were  sufficient  to  produce ; — 

That  carbonaceous  organic  matters  (such  as  are  contained  in 
rape-cake  and  farm-yard  dung)  are  of  themselves  of  little  or  no 
effect  in  increasing  the  growth  of  wheat. 

We  can  now  have  little  difficulty  in  deciding  to  what  accu- 
mulated elements  of  growth  to  attribute  the  higher  "  condition  " 
or  greater  fertility  of  the  first  year,  as  compared  with  the  suc- 
ceeding ones.  Mineral  manures  alone  have  had  no  effect  in 
restoring  the  fertility  which  was  exhausted  by  the  first  experi- 
mental crop.  Ammonia  alone  gave  a  produce  of  several  bushels 
more  than  the  unmanured  plot  in  the  first  year,  and  has,  on  the 
average  of  the  last  3  years,  given  half  as  much  again  of  produce 
as  either  the  unmanured  or  the  mineral  manured  plot ;  and  the 
addition  of  minerals  to  this  ammonia  has  restored  a  further  incre- 
ment of  the  lost  fertility.  In  no  case,  however,  have  the  artificial 
manures  of  subsequent  years  entirely  restored  the  original  fertility : 
or  rather,  in  no  case  (with  it  is  true  a  difference  of  season),  has 
there  since  been  a  produce  quite  equal  to  that  of  the  unmanured 
space  of  1851.  From  the  above  facts  it  is  obvious  that  in  the 
first  year  there  existed  in  the  soil  a  larger  supply  both  of  avail- 
able minerals  and  of  available  nitrogen  than  in  axvj  ot  VJaa 
succeeding  years  ;  but  (hat  in  the  first  year  ftieie  ex\%\£& 
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mulated  available  minerals  in  the  soil  considerably  in  excess  of 
the  accumulated  nitrogen  available  for  the  growth  of  the  crop ; 
and  that  it  was  the  limited  amount  of  the  latter,  and  not  of  the 
former,  which  fixed  the  limit  to  the  amount  of  produce  of  the 
unmanured  plot  in  the  first  season — that  is,  so  far  as  the  greater 
amount  of  it  that  year  was  due  to  manurial  constituents  inde- 
pendently of  the  climatic  variations  of  the  different  seasons.  In 
a  word,  the  practical  fact  is  elicited,  that  by  the  growth  of  corn 
in  a  soil  which  has  been  cultivated  in  an  ordinary  manner  with 
rotation  and  home-manuring,  the  supplies  of  available  minerals 
are  not  nearly  so  soon  exhausted  as  those  of  the  available  nitrogen. 
In  fact,  the  soil  has  been  reduced  from  a  comparatively  high 
wheat-growing  condition  to  a  very  low  one,  by  the  exhaustion  of 
its  immediately  available  floating  stock  of  nitrogen ;  and  it  was 
in  this  very  low  wheat-growing  condition,  notwithstanding  that  the 
mineral  elements  of  fertility  still  existed  in  it  in  such  an  excess 
in  relation  to  the  natural  resources  of  nitrogen,  as  was  sufficient 
for  an  increase  of  crop  during  a  succession  of  years,  provided 
only  that  nitrogen  was  artificially  added  to  it. 

What,  then,  is  the  lesson  to  practical  farming  which  these 
experiments  should  teach  us  ?  It  will  not  be  supposed,  that  be- 
cause it  is  here  shown  that  in  a  cultivated  soil  of  a  comparatively 
light  character  an  increased  growth  of  wheat  may  be  obtained  J 
over  a  continuous  series  of  years  by  the  use  of  nitrogenous^ 
manures  alone — that  hence  rotation  and  home-manuring  shoukUE 
be  abandoned,  and  that  corn-crops  should  be  grown  continuously^ 
by  means  of  nitrogenous  artificial  manures?  There  cannot^ 
however,  be  a  doubt  of  the  legitimacy  of  the  inference  from  theses* 
and  other  experiments,  that  provided  the  land  receive  in  a  cours—  ■ 
of  years  a  due  share  of  the  home  manures  derived  from  feeding  o^ 
horses  and  other  stock  on  the  farm,  the  mineral  supplies  of  the  soLm 
will  be  amply  sufficient  to  sustain  an  increased  and  even  repeater-* 
growth  of  corn,  by  means  of  nitrogenous  artificial  manures,  coimn 
sidcrably  beyond  that  which  is  recognised  by  the  leases  or  th^m 
current  practices  of  the  day ;  and  a  further  assurance  that  thaKi 
necessary  minerals  are  not  likely  to  become  deficient,  under  tl" 
judicious  adoption  of  such  an  increased  growth  of  corn,  is  to  1,  A 
found  in  the  fact  that  there  are  few  really  large  sources  of  nitr  » 
genous  manures  which  do  not,  at  the  same  time,  bring  upon  t^sV 
land  a  considerable  amount  of  some  of  the  more  importasiMJ 
minerals  also. 
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bore  than  one  occasion  we  have  expressed  our  high  sense 
ie  important  services  rendered  to  the  furtherance  of  fixed 
riples  in  agriculture  by  Baron  Liebig.    We  have  particu- 

called  attention  to  the  fact  that  the  masterly  review  of 
bhen  existing  knowledge  on  the  subject  contained  in  his 
:  entitled  "  Organic  Chemistry  in  its  Applications  to  Agri- 
re  and  Physiology"  and  published  in  this  country  in  1840, 
more  than  any  other  circumstance,  given  that  stimulus  and 
tdon  to  chemical  inquiry,  in  connexion  with  agriculture, 
h  has  characterised  the  subsequent  period.  It  was  naturally 
>  expected,  however,  that  the  evidence  to  be  derived  from 
nquiry  that  had  thus  been  incited,  would,  in  the  progress  of 
,  necessitate  the  modification  or  extension  of  the  expression 
given  to  the  relations  of  science  with  practice. 

his  third  edition,  indeed,  published  in  1843,  Baron  Liebig 
elf  announced,  in  his  Preface,  that  he  had,  in  the  years 
h  had  elapsed  between  that  edition  and  his  first,  endea- 
ad  to  make  himself  "  acquainted  with  the  condition  of  prac- 

farming,  and  with  what  it  requires,  by  a  journey  through 
agricultural  districts  of  England  and  Scotland  " — and  also  in 
interval  instituted  a  long  series  of  experiments  on  the  subject 
le  laboratory  at  Giessen,  with  the  sole  object  of  giving  a 
>r  basis  to  his  "  exposition  of  the  causes  of  the  advantageous 
ta  attending  the  practice  of  rotation  of  crops,  and  also  of 
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effectually  banishing  all  doubts  concerning  their  accuracy." 

He  goes  on  to  say,  UI  am  now,  for  the  first  time,  since 
the  completion  of  these  labours,  in  a  situation  to  give  a  simple 
and  determinate  expression  to  my  views  of  the  origin  of 
animal  excrements,  and  of  the  cause  of  their  beneficial  effects  on 
the  growth  of  all  vegetables."  And  he  adds :  "  Now  that  the 
conditions  which  render  the  soil  'productive,  and  capable  of  afford' 
ing  support  to  plants,  are  ascertained,  it  cannot  well  be  denied, 
that  from  chemistry  alone  all  further  progress  in  agriculture  is 
to  be  expected." 

After  this  announcement,  it  would  have  been  unfair  to  Baron 
Liebig,  to  have  attributed  to  him  in  any  discussion,  the  views  of 
his  earlier  editions,  on  points  wherein  he  had  modified  them  in 
his  later  ones.  With  this  feeling,  whenever  we  have,  in  our  various 
papers,  pointed  out  wherein  it  appeared  to  us  that  Baron  Liebig's 
doctrines,  as  applied  to  agriculture  as  it  is,  required  either  modi- 
fication or  correction,  we  have  invariably  discarded  all  reference 
to  his  earlier  published  views,  and  assumed  as  our  starting-point 
those  given  in  his  later  editions,  for  which  he  claims  a  firmer 
basis  and  a  greater  certainty. 

Baron  Liebig,  however,  as  it  would  appear,  without  having 
at  that  time  read  our  own  statement  of  our  views,  but  only  that 
summary  of  them  given  in  a  few  lines  by  the  late  Mr.  Pusey, 
devoted,  in  his  'Letters'  published  in  1851,  a  note  of  some 
pages  to  a  notice  of  our  conclusions  as  so  given.  He  expressed 
himself  thus : 

"  With  regard  to  the  experiments  of  Mr.  Lawes  (the  best  authority,  accord- 
ing to  Mr.  Pusey),  they  are  entirely  devoid  of  value,  as  the  foundation  for 
general  conclusions.  With  a  knowledge  of  our  experience  of  the  effects  of 
fallow,  and  of  production  on  the  large  scale,  it  requires  all  the  courags 
derived  from  a  want  of  intimate  acquaintance  with  the  subject  to  assert, 
that  certainly  ammonia  is  peculiarly  fitted  for  grain,  and  phosphorus  for 
turnips,  and  that  manuring  with  straw  is  probably  advantageous  for 
turnips." — Letters,  3rd  edition,  p.  480. 

Now,  although  Mr.  Pusey  was,  perhaps,  more  competent  than 
any  other  practical  agriculturist  to  speak  to  the  wants  of  British 
farming,  yet  the  terms  used  by  him  were  by  no  means  those 
which  we  ourselves  should  have  employed ;  and  it  was  obviously 
unfair  in  any  writer  to  take  his  statement  of  our  views,  rather 
than  that  which  we  have  ourselves  given  of  them. 

But,  nevertheless,  so  fully  satisfied  were  we  of  the  conclu- 
sions intended  to  be  expressed  by  Mr.  Pusey — in  the  language 
and  in  the  connexion  in  which  ire  have  ourselves  given  them 
in  our  Papers — that  we  felt  it  incumbent  on  us  to  reply  to 
such  emphatic  condemnation  of  our  experiments  and  conclusions, 
by  one  whose  opinion,  if  founded  on  fair  and  careful  criticism, 
should  have  so  much  weight  as  that  of  Baron  Liebig.  Henos 
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it  was  that,  in  1851,  we  published  in  this  Journal,  in  a  Paper 
entitled  4  Agricultural  Chemistry,  especially  in  relation  to  the 
Mineral  Theory  of  Baron  Liebig,'  an  answer  to  his  strictures  above 
referred  to. 

It  is  in  reply  to  our  Paper,  just  mentioned,  that  Baron  Liebig, 
in  the  spring  of  the  present  year,  published  a  short  treatise 
entitled  "  Principles  of  Agricultural  Chemistry,  with  special  refer- 
ence  to  the  late  Researches  made  in  England"  which  has  been 
circulated  very  freely  in  Germany,  France,  England,  and  America. 
Nearly  the  whole  of  this  treatise  is  devoted  to  a  critical  examina- 
tion, in  some  form  or  other,  of  the  experiments  made  at  Rotham- 
sted — of  the  opinions  to  which,  by  these  and  facts  relating  to 
other  districts,  we  have  been  led — and  of  our  representations  of 
the  author's  views,  as  distinguished  either  from  the  expression 
which  he  claims  himself  to  have  given  to  them  in  his  former  works, 
or  from  that  which  he  would  at  present  assign  to  them.  He 
accuses  us  at  once  of  not  having  read,  of  misunderstanding,  and  of 
misstating  his  views.  He  asserts  that  we  have  disproved  that 
which  we  intended  to  prove ;  that  we  have  proved  that  which  we 
intended  to  disprove ;  and,  in  fact,  that  our  results  in  all  points 
confirm  the  truth  of  his  doctrines,  as  announced  in  his  works. 

These  are  certainly  rather  serious  charges.  But  not  only 
have  they  been  made  under  the  incitement  of  controversy,  by 
Baron  Liebig  himself,  but  they  have  been  deliberately  endorsed, 
in  a  Preface,  by  Professor  Gregory,  the  English  editor  of  Baron 
Liebig  8  work,  in  a  manner  so  inconsistent  with  the  obvious 
facts  and  justice  of  the  case,  that  one  can  hardly  be  otherwise 
than  amused  at  the  zealous  partisanship  which  could  alone 
account  for  his  extraordinary  assurances.  But  this  is  not  all. 
Periodicals,  unconnected  either  with  chemistry  or  agriculture, 
have,  upon  the  credit  of  the  high  authorities  referred  to,  taken 
for  granted  the  truth  of  their  statements;  and  thus  they  have  been 
echoed,  unexamined,  through  the  general  press.  It  is  only  due, 
therefore,  both  to  ourselves,  and  to  the  large  body  of  intelligent 
agriculturists  who  have  from  time  to  time  expressed  their  con- 
fidence in  the  conclusions  emanating  from  Rothamsted,  and  who 
have  in  so  marked  a  manner  acknowledged  their  sense  of  the 
value  of  the  experiments  upon  which  they  are  founded,  that 
we  should  fully  vindicate,  not  only  the  opinions  themselves,  but 
our  integrity  and  honour  in  dealing  with  those  of  others,  which 
have  thus  been  called  in  question  in  high  quarters. 

We  cannot  but  regret,  on  many  grounds,  that  it  should  have 
become  necessary  to  treat  of  our  important  subject  much  more 
in  the  controversial  form  than  we  had  at  first  designed.  It 
will,  however,  be  our  endeavour  to  turn  the  course  which  has 
thus  been  forced  upon-  us  to  as  good  account  as  possible,  bv 
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making  tbe  execution  of  this  part  of  our  task  tfcte  ocnawon  of 
bringing  before  our  readers  a  review  of  the  published  views,  not 
only  of  Baron  Liebig  and  ourselves,  but  of  distinguished  authori- 
ties both  in  this  country  and  abroad,  who  have  pronounced  on 

the  points  involved. 

The  plan  we  propose  is  as  follows : — 

1st.  To  show,  by  copious  quotation,  both  from  Baron  Uebig'i 
previous  writings  and  our  own,  what  really  have  been  the  pub- 
lished opinions  and  doctrines  of  the  former,  and  how  far  our  own 
statements  of  those  opinions  and  doctrines  are  justified  by  his 

own  words. 

2nd.  To  show  how  his  views  have  been  understood  and  inter- 
preted by  other  writers  than  ourselves,  not  only  in  this  oountry, 

but  in  Germany,  France,  and  America. 

3rd.  To  examine  Baron  Liebig's  statements  and  criticisms  of ' 
our  experimental  evidence  and  conclusions  regarding  the  growth . 
of  wheat  and  turnips ;  and  to  adduce  further  evidence  and  argu- 
ments in  support  of  the  conclusions  which  we  really  have 
tained  on  the  points  involved. 

4th.  To  illustrate,  by  condensed  summaries  of  an  im 
mass  of  experimental  results,  some  prominent  points  of  i 
connected  with  the  action  of  manures  on  the  different  orope 
rotation,  and  with  the  chemical  circumstances  involved  in 
and  a  rotation  of  crops  itself 

And  lastly,  throughout  our  observations  we  shall  take 
to  point  out  the  material  admissions  which  are  to  be 
in  the  newly  published  opinions  of  Baron  Liebig;  which 
that,  notwithstanding  there  are  still  points  of  difference ~ 
us,  we  have  now  at  least  the  sanction  of  his  almost 
sagacity  for  the  judgment  which  we  have  pronounced  on 
points,  as  distinguished  from  the  opinions  which  he 
so  prominently  advocated  on  the  same. 


Firstly,  then,  as  to  the  consistency  of  our  statements  of 
Liebig's  doctrines,  with  his  own  statements  of  those 
One  of  his  chief  complaints  against  us  on  this  head,  is  in 
ference  to  a  sentence  occurring  in  one  of  our  Papers; 
quote  it  below.    But  we  must  here  call  attention  to  the 
accurate  manner  in  which  Baron  Liebig  makes  his 
not  only  in  the  case  immediately  under  consideration, but  in 
others,  some  of  which  we  shall  have  occasion  to  point  out, 
similar  want  of  accuracy  is  observable  in  his  quota  " 
from  Professor  Wolff  and  Mr.  Way,  in  the  course  of 
controversy.  The  portion  which  we  give  in  brackets,  thus  [ 
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are  in  the  original,  but  is  not  given  by  Baron  Liebig  in  his 
•arently  continuous  quotation  from  our  Paper. 

In  the  course  of  this  inquiry,  the  whole  tenor  of  our  result*  [and  also  of 
rmatum,  derived  from  intelligent  agricultural  friends,  upon  every  variety 
tnd  in  Great  Britain]  has  forced  upon  us  opinions  different  from  those  of 
fessor  Liebig  on  some  important  points;  and  more  especially  in  relation  to 
so-called  '  mineral  theory/  which  is  embodied  in  the  following  sentence, 
e  found  at  page  211  of  the  third  edition  of  his  work  on  Agricultural 
mistry,  where  he  says, ( The  crops  on  a  field  diminish  or  increase  in  exact 
x>rtion  to  the  diminution  or  increase  of  the  mineral  substances  conveyed 
t  in  manure.' n — Journal  of  the  Royal  Agricultural  Society  of  England, 
zil  pert  i.  p.  2. 

iVith  regard  to  the  omission  made  by  Baron  Liebig  in  his  quo- 
on,  we  will  only  here  observe  how  important  is  such  an  omis- 
i,  when  one  of  the  main  objections  which  Baron  Liebig  alleges 
inst  our  conclusions  is,  that  they  are  founded  upon  our  oum 
eriments  alone,  and  without  any  consideration  of  what  would 
ipen  on  other  soils  and  in  other  localities  ! 
iaron  Liebig  complains  that  the  sentence  which  we  have 
frted  as  embodying  his  own  doctrines,  has  been  detached 
in  its  natural  connection  with  a  series  of  sentences,  and  thus 
neaning  given  to  it  quite  different  from  that  intended  by 
author.  In  proof  of  this,  he  professedly  gives  the  sentence 
question  with  its  context,  and  also  comments,  to  which  we 
11  call  attention.  But  here  again  we  must  beg  the  notice  of 
reader  to  Baron  Liebig's  inaccurate  mode  of  giving  a  quotation, 
the  purposes  of  controversy,  within  unbroken  inverted  commas. 
*  give  the  sentence,  from  p.  210  of  the  4th  edition  of  Baron 
>big*B  4  Chemistry  in  its  Applications  to  Agriculture  and 
ysiology9  from  which  he  himself  professes  to  quote.  The 
rt  two  portions  which  we  give  between  brackets,  thus  [  ], 
jur  in  the  original,  but  are  omitted  in  Baron  Liebig's  quotation ; 
1  the  word  "  the "  so  inclosed,  is  given  in  the  quotation,  but 
38  not  occur  in  the  original : — 

1  Hence  it  is  quite  certain,  that  in  our  fields  the  amount  of  nitrogen  in  the 
pe  is  not  at  all  in  proportion  to  the  quantity  supplied  in  the  mauure,  and 
t  [the  soil  cannot  be  exhausted  by  the  exportation  of  products  containing 
rogen  (unless  these  products  contain  at  the  same  time  a  large  amount  of 
teral  ingredients) ,  because  the  nitrogen  of  vegetation  is  furnished  by  the 
tosphere  and  not  by  the  soil.  Hence  also"]  we  cannot  augment  the  fertility 
3ur  fields  [or  their  powers  of  production),  by  supplying  them  with  manures 
a  in  nitrogen,  or  with  ammoniacal  salts  alone.  The  crops  on  a  field 
linish  or  increase  in  exact  proportion  to  the  diminution  or  increase  of  the 
serai  substances  conveyed  to  it  in  [the']  manure." 

The  reader  will  perceive  more  clearly,  as  we  proceed,  the 
iportance  of  the  omissions  made  in  the  quotation  of  the 
(Ove  sentence,  bearing,  as  they  do,  both  upon  the  question  of 
bat  were  Baron  Liebig's  opinions  as  to  the  dependence  of 
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plants  upon  the  atmosphere,  and  not  upon  the  soil,  for  their 
nitrogen  in  agriculture  as  distinguished  from  normal  vegetation — 
and  upon  the  distinctions  which  he  seeks  to  draw,  between  fer- 
tility (as  implying  duration)  and  immediate  production  merely. 

But  upon  the  sentence  in  the  altered  form,  Baron  Liebig 
says : — 

"  In  the  sentences  just  quoted  from  my  book,  the  produce  of  the  land  is 
compared  with  the  proportion  of  nitrogenous  matter,  inclusive  of  mineral 
substances,  supplied  in  the  manure,  and  with  the  amount  of  mineral  consti- 
tuents, inclusive  of  nitrogenous  substances,  supplied  tn  the  manure, 

"  The  words  '  by  ammoniacal  salts  alone 1  and  4  in  the  manure 1  show  that  I 
never  thought  of  excluding  carbonic  acid  and  ammonia  in  the  manure.  Ac- 
cording to  Mr.  Lawes's  mistaken  notion  of  my  meaning,  I  ought  to  have  said, 
omitting  the  word  manure,  that  '  on  the  contrary  the  fertility  of  the  land 
rises  and  falls  with  the  amount  of  mineral  substances  supplied  to  tt.'  But  this 
I  have  not  said. 

"  The  meaning  of  these  sentences  in  my  work  is  this :  '  that  ammoniacal 
salts  alone 1  have  no  effect ;  that,  in  order  to  be  efficacious,  they  must  be  accom- 
panied by  the  mineral  constituents,  and  that  the  effect  is  then  proportional  to  the 
supply,  not  of  ammonia,  but  of  the  mineral  substances? — Principles  of  Agri- 
cultural Chemistry  p.  54,  55. 

Now,  in  reference  to  Baron  Liebig's  third  paragraph  of  com- 
ment, it  may  be  observed  that,  inasmuch  as  in  the  original  he 
speaks  of  "  manures  rich  in  nitrogen"  as  well  as  u  ammoniacal 
salts  alone"  the  statement  that  he  meant  merely  "  that  ammoniaral 
salt*  alone  have  no  effect  "  is  obviously  quite  inadmissible ;  whilst 
the  introduction  of  the  definite  article  "  the  "  is  the  only  founda- 
tion for  the  meaning  claimed  by  Baron  Liebig  that  he  only  in- 
cluded manure  containing  both  nitrogenous  matter  and  mineral 
substances — and  that  he  did  not  speak  of  the  fertility  of  the  land 
rising  and  falling  "  with  the  amount  of  the  mineral  substances 
supplied  to  it."  But  he  himself  admits  in  another  page  (Prin- 
ciples, 115)  that  he  did  refer  to  manure  generally,  whether 
"  mineral  manure,  guano,  poudrette,  farmyard  manure,  &c." 

Whatever  may  have  been  the  meaning  of  Baron  Liebig  in  the 
sentence  we  have  quoted,  or  whatever  the  interpretation  which 
he  would  now  give  it,  we  shall  presently  make  such  full  quotation 
from  the  same  edition  of  his  work,  and  from  other  publications, 
and  also  from  other  authorities,  as  will  enable  the  reader  to  judge 
for  himself — not  only  what  was  the  obvious  meaning  of  the  sen- 
tence in  question,  but  what  has  been  the  interpretation  of  that 
sentence,  taken  in  connection  with  many  others  in  his  writings, 
by  others  of  his  readers  than  ourselves. 

Before  doing  this,  however,  we  will  give  a  single  illustration  ot 
how  fundamental  was  the  change  made  by  Baron  Liebig  from 
the  first  edition  of  his  work,  to  the  third  and  fourth  and  subse- 
quent publications ;  as  by  this  means,  the  reader  will  not  only  be 
prepared  to  form  a  right  judgment  of  what  we  shall  have  after- 
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wards  to  quote,  but  the  unscrupulous  unfairness  of  an  anony- 
mous article  in  the  Journal  of  the  Highland  Society  will  be  fully 
apparent.  We  have  already  shown  how  distinctly,  in  the  Pre- 
face to  his  third  edition,  Baron  Liebig  admitted  a  change  and 
perfecting  in  his  views  since  the  first.  And  yet,  incredible  as  it 
may  appear,  our  Northern  critic  admittedly  makes  his  quotations 
by  which  to  fasten  the  accusation  of  misrepresentation  upon  our- 
selves, from  Baron  Liebig's  first  edition,  and  from  his  4  Prin- 
ciples,' lately  published  in  the  course  of  the  controversy  I 

One  of  the  quotations  made  by  this  critic,  with  a  view  of 
showing  that  we  have  misrepresented  Baron  Liebig,  in  attributing 
to  him  an  inadequate  appreciation  of  the  importance  of  avail- 
able nitrogen  within  the  soil  itself  for  the  growth  of  some  of  our 
most  important  crops  in  agricultural  quantity,  he  takes  from  the 
first  edition,  as  given  below.  We  give  by  its  side  the  sentence 
as  it  occurs  in  Baron  Liebig's  third  and  fourth  editions ;  and 
the  capitals  are  our  own,  to  draw  attention  to  the  words  altered 
from  the  earlier  edition  to  the  later  ones. 


"  Cultivated  plants  receive  the 
same  quantity  of  nitrogen  from  the 
atmosphere  as  trees,  shrubs,  and  other 
wild  plants ;  but  this  is  not  suffi- 
cient FOR  THB  PURPOSES  OF  AGRICUL- 
TURB.n — 1st  Edition,  p.  86. 


"  Cultivated  plants  receive  the 
same  quantity  of  nitrogen  from  the 
atmosphere  as  trees, shrubs,  and  other 
wild  plants ;  and  this  is  quite  suffi- 
cient FOR  THE  PURP08E8  OF  AGRICUL- 
TURE."— 3rd  and  4th  Editions,  p  64. 


Notwithstanding,  then,  that  in  his  third  and  fourth  editions, 
Baron  Liebig  exactly  reverses  the  opinion  held  in  his  first,  on 
the  very  point  in  reference  to  which  the  sentence  is  brought 
against  us — yet  it  is  from  the  first  edition  that  our  critic  quotes ! 
In  this  slight  alteration,  too,  we  have  a  key  to  the  fundamental 
change  in  Baron  Liebig's  views  in  regard  to  the  capability  of  a 
liberal  supply  of  the  constituents  proper  to  the  soil  itself—  the 
mineral  constituents — to  enable  plants  to  obtain  from  the  atmo- 
sphere "  sufficient "  nitrogen  for  an  agricultural  amount  of  crop. 

We  shall  now  assume  that  we  have  given  evidence  enough  of 
*  change  in  Baron  Liebig's  views  from  his  first  edition  to  his 
later  ones,  to  show  that  it  is  quite  inadmissible  to  quote  from  his 
earlier  in  judgment  of  our  representations  of  his  later  opinions. 
The  following  is  the  manner  in  which  we  have  ourselves  repre- 
sented those  opinions  in  reference  to  the  point  referred  to  by  the 
critic  in  the  Highland  Society's  Journal,  and  also  by  a  writer  in 
ttYxe  Saturday  Review  of  November  10,  1855,  et  seq. : — 

*'  Practical  agriculture  consists  in  the  artificial  accumulation  of  certain 
constituents  to  be  employed  either  as  food for  man  or  other  animals,  upon  a  space 
of  ground  incapable  of  supporting  them  in  its  natural  state.  This  definitioa 
of  agriculture  is,  I  think,  important,  as  distinguishing  English  agriculture  at 
least,  from  the  svstem  pursued  in  various  parts  of  the  world,  where  the  popu- 
lation is  small  and  the  land  of  little  value,  viz.,  of  taking  only  the  natural 
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produce  of  the  soil,  without  any  effort  to  increase  it,  and  In  time  abandoning 
it  for  a  soil  as  yet  undisturbed.  If  Liebig  had  sufficiently  considered  this 
distinction,  he  would  not  have  assumed  that  certain  substances  employed  as 
manures  are  of  little  value,  because  plants  and  trees,  in  their  natural  state,  are 
capable  of  obtaining  them  in  sufficient  quantity  for  their  use." — Journal  of 
the  Royal  Agricultural  Society  of  England,  vol.  viii.  part  i.  p.  227-8. 

'•The  atmosphere  and  the  virgin  soil  being  originally  the  exclusive  sources, 
the  former  of  the  *  organic?  and  the  latter  of  the  '  inorganic*  or  'mineral' 
constituents  of  plants,  it  has  been  supposed  that  the  amount  of  produce 
which  a  given  space  of  ground  would  yield  must  depend  upon  its  richness  in 
thu.se  substances  proper  to  itself,  namely,  the  mineral  constituents;  and  that 
these  being  supplied  in  full  quantity,  according  to  the  indications  of  the 
analyses  of  the  ashes  of  the  crops  it  is  wished  to  grow,  the  atmosphere  would 
always  prove  an  ample  available  resource  for  the  more  peculiarly  vegetable 
matters.  It  will  he  readily  understood  that  on  such  a  view  as  this,  economy 
in  agriculture  would  be  attained  by  a  very  different  course  of  practice  from 
that  required  were  it  to  be  shown  that  cultivation  should  effect  an  artificial 
accumulation  in  the  soil  of  those  constituents  primarily  derived  from  the 
atmosphere,  rather  than  of  such  as  more  especially  belong  to  its  own  con- 
stitution. 

*'  The  theory  referred  to  has  led  to  the  analysis  of  the  ashes  of  a  great 
many  agricultural  crops,  and  upon  the  data  thus  obtained  (rather  than  upon 
a  coiiM<leration  of  the  requirements  actually  induced  by  an  artificially 
enhanced  vegetation,  or  of  the  real  source  and  destination  of  the  constituents 
under  a  course  of  practical  agriculture),  recommendations  to  the  agriculturkt 
have  been  founds!,  the  validity  of  which  it  was  desirable  should  be  tested 
by  actual  experiment,  as  well  as  by  the  presumed  dictates  of  experience." — 
lb.  vol.  viii.  part  ii.  p.  o#5. 

It  is  true  that,  in  the  case  of  vegetation  in  a  native  soil,  unaided  bv  art, 
the  mineral  const  ituents  of  the  plants  being  furnished  from  the  soil,  the 
atmosphere  is  found  to  be  a  sufficient  source  of  the  nitrogen  and  carbon  ;  and 
it  is  the  supposition  that  these  circumstances  of  natural  vegetation  apply 
equally  to  the  various  crops  when  grown  under  cultivation  that  has  led 
Ifciron  Liebig-  to  suggest  that,  if  by  artiticial  means  we  accumulate  within 
the  soil  itself  a  sufficiently  liberal  supply  of  those  constituents  found  in  the 
ashes  of  the  plant,  e.-sentially  soil  constituents,  we  shall  by  this  means  be 
ahle  in  all  cases  to  increase  thereby  the  assimilation  of  the  vegetable  or  atmo- 
spheric constituents  in  a  degree  sufficient  for  agricultural  purposes.  But 
agriculture  is  itself  an  artificial  process;  and  it  will  be  found  that,  as  regards 
the  production  of  wheat  more  especially,  it  is  only  by  the  accumulation 
within  the  soil  itself  of  nitrogen,  n a tu  rally  derived  from  the  atmosphere, 
rather  than  of  the  peculiarly  soil-constituents,  that  our  crops  of  it  can  be 
incieasi  d.   Mineral  suhstances  will  indeed  materially  develop  the  accumula- 
tion of  vegetable  or  atmospheric  constituents  when  applied  to  some  of  the 
crops  of  rotation  ;  and  it  is  thus  chiefly  that  these  crops  become  subservient  % 
to  the  growth  of  the  cereal  grains  ;  but  even  in  these  cases  it  is  not  the  con--*, 
stituent  s,  as  fmiyid  collectively  in  the  ashes  of  the  plants  to  be  grown,  that  ar^^~ 
the  most  efficient  in  this  respect ;  nor  can  the  demand  which  we  find  thur^^ 
made  for  the  production  of  crops  in  agricultural  quantity}*  Accounted  forfo^^ 
the  mere  idea  of  supplying  the  actual  constituents  of  the  crop.    It  wou^^ 
seem,  therefore,  that  we  can  only  arrive  at  correct  ideas  in  agriculture  bv*"^^ 
close  examination  of  the  actual  circumstances  of  growth  of  each  particu^^* 
crop  when  grown  under  cultivation." — lb.  vol.  xii.  part  i.  p.  6,  7. 

But  there  is  another  sentence  in  one  of  our  Papers  in  which.  ^ 
have  sought  to  indicate  Baron  Liebig's  views,  against  whicH.  J 
strongly  protests.    It  is  as  follows: — 
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"  In  conclusion,  then,  if  the  theory  of  Baron  Liebig  simply  implies  that 
the  growing  plant  must  have  within  its  reach  a  sufficiency  of  the  mineral 
constituents  of  which  it  is  to  be  built  up,  we  fully  and  entirely  assent  to  »o 
evident  a  truism ;  but  if,  on  the  other  hand,  he  would  have  it  understood  that 
it  is  of  the  mineral  constituents,  as  would  be  collectively  found  in  the  ashes  of 
the  exported  produce,  that  our  soils  are  deficient  relatively  to  other  consti- 
tuents, and  that,  in  the  present  condition  of  agriculture  in  Great  Britain, '  we 
cannot  increase  the  fertility  of  our  fields  by  a  supply  of  nitrogen  ized  pro- 
ducts, or  by  salts  of  ammonia  alone,  but  rather  that  their  produce  increases  or 
diminishes,  in  a  direct  ratio,  with  the  supply  of  mineral  elements  capable  of 
assimilation/  we  do  not  hesitate  to  sav  that  every  fact  with  which  we  are 
acquainted,  in  relation  to  this  point,  is  unfavourable  to  such  a  view." — lb. 
vol.  xii.  part  i.  p.  39. 

The  comments  Baron  Liebig  makes  on  this  sentence  are  as 
follows : — 

"  In  the  first  part  of  this  quotation  Mr.  Lawee  admits  the  truth  of  the  so- 
called  mineral  theory  ;  in  the  second  1  find  two  erroneous  statements  the  con- 
tinued diffusion  of  which  I  can  no  longer  tolerate" — Principles,  p.  115. 

In  the  first  part,  then,  of  this  comment  by  Baron  Liebig,  we  have 
tihe  important  admission,  that  the  so-called  "  Mineral  Theory  99 
— as  he  would  now  have  it  understood — "  simply  implies  that  the 
growing  plant  must  have  within  its  reach  a  sufficiency  of  the 
mineral  constituents  of  which  it  is  to  be  built  up."  And  if 
it  should  be  shown  by  the  copious  quotations  which  we  have  yet 
to  make  from  Baron  Liebig's  former  writings,  that  his  earlier 
44  Mineral  Theory,"  and  as  applied  to  arjricidture,  was  far  more 
correctly  indicated  by  the  latter  portions  of  our  sentence,  which 
Baron  Liebig  tells  us  he  "  can  no  longer  tolerate  " — if  this  be 
shown,  we  may  congratulate  ourselves  on  a  very  material  limita- 
tion of  his  formerly  promulgated  opinions.  We  have  here  also  the 
admission,  that  "  we  fully  and  entirely  assent 99  to  such  a  "  Mi- 
neral Theory,"  as  "simply  implies  that  the  growing  plant 
must  have  within  its  reach  a  sufficiency  of  the  mineral  consti- 
tuents of  which  it  is  to  be  built  up."  And  in  this  latter  admis- 
sion Baron  Liebig  must  surely  be  conscious  of  a  rebuke  to  him- 
self, for  the  pervading  insinuation  throughout  his  criticism  of  our 
views,  that  we  have  ignored  the  necessity  of  mineral  constituents 
to  plants.    Thus  he  says — 

"  It  is  not  easy  to  understand  how  Mr.  Lawee  could  deduce  from  his  results 
the  conclusion  '  that  nitrogenizcd  manures  are  peculiarly  adapted for  the  culture 
of  wheat,  since  such  manures  can  only  produce  a  favourable  result  if  certain 
preliminary  conditions,  which  Mr.  Lawes  has  entirely  disregarded,  be  fulfilled/1 
—lb.  p.  79. 

And  again — 

"Now,  every  one  would  suppose  from  this,  that  Mr.  Lawes  thought  that 
the  use  of  ammonia  enabled  us  to  dispense  with  that  of  mineral  manure, 
founded  on  the  knowledge  of  the  composition  of  vegetable  ashes,  and  that 
these,  the  ashes  or  mineral  constituents,  might  be  replaced  by  ammonia."  .  «  , 
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"  For  if  Mr.  Lawes  admit,  that  the  mineral  constituents  are  indispensable  to 
plants,  how  can  be  maintain  that  these  very  mineral  constituents  are  replace- 
able by  ammonia,  that  is  to  say,  that  by  means  of  ammonia  we  can  altogether 
dispense  with  them  P      lb.  p.  89. 

Baron  Liebig  is  perfectly  well  aware,  that  the  sentences  he 
refers  to,  presupposed  certain  " preliminanj  conditions"  and  had 
reference  simply  to  the  source  of  the  mineral  constituents  of 
plants  in  the  ordinary  coarse  of  agriculture.  For  those  who 
have  not  read  our  Papers,  however,  we  may  say,  that  any  such 
insinuation  as  that  here  intended  by  Baron  Liebig,  is  empha- 
tically condemned — not  only  by  special  sentences,  such  as  those 
quoted  above,  but  by  the  whole  tenor  of  our  writings — as  Baron 
Liebig  himself  is  well  aware,  if  ever  he  have  read  them. 

But  to  return  to  Baron  Liebig's  comments  on  that  state- 
ment of  his  doctrines  which  he  "  can  no  longer  tolerate,"  he 
says : — 

"  The  concluding  sentence  ascribes  to  me  the  assertion  that  the  produce  of 
land  is  proportional  to  the  supply  or  diminution  of  the  available  mineral  con- 
stituents.   This  I  have  never  said.11 — lb.  p.  115. 

Compare  this  with  the  quotation  already  given  : — 

"  The  crops  on  a  field  diminish  or  increase  in  exact  proportion  to  the 
diminution  or  increase  of  the  mineral  substances  conveyed  to  it  in  manure. n — 
Agricultural  Chemistry,  8rd  ed.,  p.  212. 

Again  Baron  Liebig  says : — 

"  With  regard  to  the  previous  sentence,  T  find  in  my  work  only  one  passage 
in  which  I  spt*ak  of  the  land  of  England  in  the  sense  understood  by  Mr. 
Lawes." — Mnciples,  p.  115. 

And  in  reference  to  this  point  he  also  says  : — 

"  It  is  not  difficult  to  refute  the  opinions  of  another,  if  we  ascribe  to  him 
assertions  which  he  has  never  made. 

"  It  never  occurred  to  me  to  assert  that  the  land  of  Great  Britain  was  defi- 
cient in  the  substances  which  are  found  together  in  the  ashes  of  the  crops  raised 
on  it,  or  that,  on  a  soil  naturally  fertile,  rich  crops  might  not  be  obtained  for 
several  successive  years,  by  the  use  ofammoniacal  salts  alone" — p.  116. 

Baron  Liebig  denies,  then,  that  he  has  addressed  himself  to 
the  resultant  wants  of  agriculture  as  practised  in  Great  Britain — 
that  he  has  ever  maintained  that  the  fertility  of  our  fields  in- 
creases or  diminishes  in  a  direct  ratio  with  the  supply  of  mineral 
elements  capaltle  of  assimilation — or  that,  it  is  in  the  mineral 
constituents,  as  collectively  found  in  the  aslies  of  the  exported 
produce,  that  our  soils  are  deficient  relatively  to  other  consti- 
tuents. 

We  will  now  examine  the  foundation  of  these  several  assertions. 
And  first — in  order  to  show,  that  it  was  not  only  AGRICULTURE  (as 
distinguished  from  normal  vegetation),  but  that  it  was  agriculture 
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as  practised  in  Great  Britain,  on  which  Baron  Liebig  has 
addressed  the  English  public  in  his  various  writings,  we  say : — 

That  the  title  of  one  of  his  publications  is — '  Organic 
Chemistry  in  Us  Applications  to  Agriculture  and  Physiology.' 

That  of  another  is — 4  An  Address  to  the  Agriculturists  of 
Great  Britain,  on  the  Principles  of  Artificial  Manuring.' 

And  of  another— '  On  Artificial  Manures.' 

That  in  the  preface  to  the  third  and  fourth  editions  of  his 
main  work,  he  states  them  to  be  put  forth,  after  having  endea- 
voured to  make  himself  "  acquainted  with  the  condition  of 
practical  farming,  and  with  what  it  requires,  by  a  journey 
through  the  agricultural  districts  of  England  and  Scotland." 

We  were  justified  then  in  concluding  that  Baron  Liebig  put 
forth  his  doctrines  not  only  as  applicable  to  normal  vegetation, 
but  to  agriculture,  and  to  the  existing  condition  and  wants  of 
agriculture  as  practised  in  Great  Britain.  We  will  now  show, 
by  quotations  from  his  works,  whether  we  have  mis-stated  his 
views  on  the  following  important  points,  viz. : — 

The  dependence  of  our  cuUivrded  plants — whether  graminaceous 
or  leguminous — upon  atmospheric  sources  for  their  supply  of 
nitrogen. 

The  direct  dependence  of  the  amount  of  produce  on  the  available 
mineral  food  of  plants  within  the  soil. 

The  nature  of  the  restitution  to  be  made  "from  witlwut "  in  a 
course  of  practical  agriculture. 

He  says  (4th  edition,  as  already  quoted)  : — 

"  Cultivated  plants  receive  the  same  Quantity  of  nitrogen  from  the  atmo- 
sphere as  trees,  shrubs,  and  other  wild  plants ;  and  this  is  quite  sufficient  for 
the  purposes  of  agriculture." — p.  64. 

u  It  is  obvious,  therefore,  that  there  is  no  deficiency  of  atmospheric  food 
for  the  plants  of  these  regions,  and  there  can  be  none  for  our  own  cultivated 
plants."—?.  167. 

Are  the  fields  of  Virginia,  the  fields  of  Hungary,  our  ovm  cultivated plants, 
not  able  to  receive  it  from  the  same  sources  as  the  wild-growing  vegeta- 
tion P  Is  the  supply  of  nitrogen  in  animal  excrements  a  matter  of  absolute 
indifference  f  ob  do  we  obtain  in  our  fields  a  quantity  of  the  con- 
stituents OF  THE  blood,  actually  corresponding  to  the  supply  of 
ammonia  P  " — p.  205.   The  capitals  are  Baron  Liebig's  own. 

"  Hence  it  is  quite  certain,  tnat  in  our  fields,  the  amount  of  nitrogen  in  the 
crops  is  not  at  all  in  proportion  to  the  quantity  supplied  in  the  manure,  and 
that  the  soil  cannot  be  exhausted  by  the  exportation  of  products  containing 
nitrogen,  (unless  these  products  contain  at  the  same  time  a  large  amount  of 
mineral  ingredients),  because  the  nitrogen  of  vegetation  is  furnished  by  the 
atmosphere,  and  not  by  the  soil." — p.  210. 

"  Is  fertility  not  quite  independent  of  the  ammonia  conveyed  to  the  soil  t 
If  we  evaporated  urine,  dried  and  burned  the  solid  excrements,  and  supplied 
to  our  land  the  salts  of  the  urine,  and  the  ashes  of  the  solid  excrements,  would 
not  the  cultivated  plants  grown  on  it — the  graminea  and  leguminosa — obtain 
their  carbon  and  nitrogen  from  the  same  sources  whence  they  are  obtained  by 
the  gramineae  and  leguminosae  of  our  meadow*  P    There  can  scarcely  be  a 
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doubt  with  regard  to  these  questions,  when  we  unit*  the  infonnntim  furnished 
by  science  to  that  supplied  hy  the  practice  of  agriculture'* — p.  203. 

These  Mien  are  Baron  Liebig's  opinions,  in  his  later  editions, 
as  to  the  equal  independence  of  plants — wild  or  cultivated — 
graminaceous  or  leguminous — of  assimilable  nitrogen  provided 
tr Hit  in  the  soil.  We  do  n<  t  mean  to  say,  that  there  are  not  both 
facts  and  opinions  recorded  in  Baron  Liebig's  writings,  totally  in- 
compatible with  the  series  of  sentences  which  we  have  quoted, 
or  have  st  ill  to  quote.  We  leave  the  inconsistency  to  be  explained 
by  Baron  Liebig  himself. 

We  must  here  beg  the  l  eader's  attentive  recognition  of  the  fact, 
that  the  subject  of  which  both  Baron  Liebig  and  ourselves  are 
speaking  is  (u/ricufture,  not  normal  vegetation — that  we  treat  of 
'*  cultiratnl  *'  land,  not  a  mere  sand-pit,  or  other  circumstances 
{tiyriculturally  speaking  abnormal),  under  which  every  mineral 
constituent  of  the  plant  has  to  be  artificially  provided.  It  must 
not  be  forgotten  that  there  are  here  certain  "preliminary  cow/i- 
tvms"  namely,  a  cultivated  soil — one,  therefore,  which  is  supposed 
to  contain  a  certain  amount  of  the  necessary  food  of  plants  ;  but 
in  a  more  or  less  actively  fertile  condition,  according  to  the 
original  composition  of  the  soil  itself — its  state  of  mechanical 
and  chemical  degradation — and  the  home-manuring  and  cropping 
to  which  it  has  been  subject.  What  then  are  the  circumstances, 
with  these  "preliminary  conditions"  under  which  produce  in 
agricultural  quantity  is  to  be  obtained?    Baron  Liebig  says: — 

"The  ammonia  of  animal  excrements  exerts  a  favourable  influence  only 
because  it  is  accompanied  by  other  substances  necessary  for  its  conversion  into 
the  constituents  of  the  blood.  When  these  conditions  are  furnished  with  am- 
monia, the  latter  becomes  assimilated.  But  when  the  ammonia  is  absent  from 
the  manure  y  the  plants  ertract  their  nitrogen  from  the  ammonia  of  the  air;  to 
which  it  is  again  restored  by  the  decay  and  putrefaction  of  dead  animal  and 
vegetable  remains." — p.  210,  211. 

"  But,  at  the  same  time,  it  is  of  great  importance  for  agriculture,  to  know 
with  certaint  y  that  the  supply  of  ammonia  is  unnecessary  for  most  of  our  cul- 
tivated plants,  and  that  it  may  be  even  superfluous,  if  only  the  soil  contain  a 
sufficient,  supply  of  the  mineral  food  of  plants,  when  the  ammonia  required  fur 
their  development  mil  be  furnished  by  the  atmosphere^ — p.  212. 

Referring  to  the  mineral  elements  of  the  soil,  Baron  Liebig 

says : — 

"  If  these  elements  are  present  in  sufficient  quantity,  and  in  appropriate 
proportions,  the  soil  contains  the  conditions  which  render  the  plant  capable  of 
absorbing  carbonic  acid  and  ammonia  from  the  air,  which  is  an  inexhaustible 
store-house  for  them,  and  renders  their  elements  capable  of  being  assimilated 
by  their  organism.  The  agriculturist  must,  therefore,  confine  himself  to  giving 
to  the  field  the  composition  necessary  to  the  development  of  the  plants  which 
he  intends  to  grow  ;  it  must  be  his  principal  task  to  nupply  and  restore  all  the 
elements  required  in  the  soil,  and  not  only  one,  as  is  so  frequently  done :  the 
ingredients  of  the  air,  carbonic  acid,  and  ammonia,  the  plants  can,  in  most 
cases,  procure  without  matis  interference ;  he  must  take  care  to  give  to  hit 
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field  that  physical  condition  which  renders  possible  and  increases  the  assimi- 
lation of  these  ingredients  by  the  plant;  he  roust  remove  the  impediments 
which  diminish  their  effect.'' — Address — 1  On  the  Principles  of  Artificial 
Manuring,* — p.  16. 

"  The  duration  of  the  fertility  of  a  field  depends  on  the  amount  of  the 
mineral  aliments  of  plants  contained  in  it,  and  its  productive  power  for  a 
given  time  is  in  a  direct  proportion  to  that  part  of  its  composition  which 
possesses  the  capacity  of  being  taken  up  by  the  plant/' — Address,  p.  10. 

''Practice  in  agriculture  has  taught  us  that  the  amount  of  vegetable 
matters  on  a  given  surface  increases  with  the  supply  of  certain  substances, 

WHICH  WERE  ORIGINAL  CONSTITUENTS  OP  THE  SAME  SURFACE  OF  THE  SOIL, 

and  had  been  removed  from  it  by  means  of  plants.  The  excrements  of  men 
and  of  animals  arise  from  plants ;  they  are  exactly  the  materials  which, 
during  the  life  of  the  animal,  or  after  its  death,  obtain  again  the  same  form 
that  they  possessed  as  constituents  of  the  soil. 

"  We  know  that  the  atmosphere  does  not  contain  these  materials,  and  tl  at 
it  does  not  replace  them ;  we  Know  further  that,  by  their  removal  from  the 
eoil,  an  inequality  of  production  is  occasioned,  and,  finally,  even  a  want  of 
fertility ;  but  that,  by  the  restoration  of  these  materials,  the  fertility  may  be 
sustained  and  even  increased.11 — 4th  Edition,  p.  164. 

**  The  fertilising  power  of  manure  can  be  determined  by  weight,  as  its  effect 
-sis  in  a  direct  ratio  to  its  amount  in  the  mineral  element*  of  the  food  of 
^Dlants." — Address,  p.  11. 

The  above  quotations  show  what  was  the  relative  importance 
Attached  by  Baron  Liebig  to  the  nitrogenous  and  the  mineral 
constituents  of  manure  respectively ;  and  how  far  he  has  been 
"misrepresented  on  this  point,  by  the  quotation  from  him  of 
^rhich  he  so  much  complains ;  namely,  that  "  the  crops  on  a 
^jfield  diminish  or  increase  in  exact  proportion  to  the  diminution  or 
-increase  of  the  mineral  substances  conveyed  to  it  in  manure." 

We  shall  now  proceed  to  point  out  what  were  the  means  in- 
sisted upon  by  Baron  Liebig,  as  necessary  to  the  maintenance  and 
-increase  of  production  of  cultivated  land ;  by  which  a  judgment 
:may  be  formed,  whether  "  it  never  occurred  "  to  him  "  to  assert 
^fchat  the  land  of  Great  Britain  was  deficient  in  the  substances 
^hich  are  found  together  in  the  ashes  of  the  crops  raised  on  it." 
IBaron  Liebig  says  : — 

"Is  it  conceivable,  that  a  rich  fertile  land,  with  a  flourishing  trade, 
"which  has  for  centuries  exported  the  products  of  its  soil  in  the  form  of  cattle 
and  of  corn,  can  retain  its  fertility,  ii  the  same  trade  do  not  restore  to  its 
land,  in  the  form  of  manure,  the  constituents  abstracted  from  it,  and  which 
cannot  be  replaced  by  the  atmosphere  ?  In  such  a  case,  would  not  the  same 
fate  await  this  land  as  that  which  befel  Virginia,  upon  the  soil  of  which 
"wheat  and  tobacco  can  no  longer  be  cultivated  ?  " — 4th  Edition,  pp.  164,  165. 

Speaking  of  phosphate  of  lime  and  the  alkaline  phosphates, 
lie  says : — 

u  An  enormous  quantity  of  these  substances  indispensable  to  the  nourish- 
ment of  plants,  is  annually  withdrawn  from  the  soil  and  carried  into  great 
towns  in  the  shape  of  flour,  cattle,  &c.  It  is  certain  that  this  ince&«ant 
removal  of  the  phosphates  must  tend  to  exhaust  the  land  and  diminish  its 
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"  If  it  were  possible  to  restore  to  the  soil  of  England  and  Scotland  the 
phosphates  which  during  the  last  fifty  years  have  been  carried  to  the  sea  by 
the  Thames  and  the  Clyde,  it  would  be  equivalent  to  manuring  with  millions 
of  hundredweights  of  bones,  and  the  produce  of  the  land  would  increase  one- 
third,  or  perhaps  double  itself,  in  live  to  ten  years." — lb.  p.  628. 

"  If  a  rich  and  cheap  source  of  phosphate  of  lime  and  the  alkaline  phos- 
phates were  open  to  England,  there  can  be  no  question  that  the  importation 
of  foreign  corn  might  be  altogether  dispensed  with  after  a  short  time." — 
lb.  p.  524. 

"  It  has  been  mentioned  in  the  preceding  part  of  the  chapter,  that  animal 
excrements  may  be  replaced  in  agriculture  by  other  materials  containing 
their  constituents.  Now,  as  the  principal  action  of  the  former  depends  upon 
their  amount  of  mineral  fond,  so  necessary  for  the  growth  of  cultivated  plants, 
it  follows,  that  we  might  manure  with  the  mineral  food  of  wild  plants,  or, 
in  other  words,  wtth  theib  ashes  ;  for,  these  plants  are  governed  by  the 
same  laws,  in  their  nutrition  and  growth,  as  cultivated  plants  themselves. 
Thus,  these  ashes  might  be  substituted  for  animal  excrements ;  and  if  a  proper 
selection  were  made  of  them,  we  might  again  furnish  our  fields  with  all  the 
constituents  removed  from  them  by  crops  of  cultivated  plants." — 4th  Edition, 
p.  182,  183. 

Speaking  of  the  exhaustion  of  alkalies  by  the  growth  of  wheat 
and  tobacco  in  Virginia,  he  says : — 

"  Almost  all  the  cultivated  land  in  Europe  is  in  this  condition.1*— 4th 
Edition,  p.  118. 

"  It  is  also  of  importance  to  know,  that  the  rule  usually  adopted  in  France 
and  in  Germany  of  estimating  the  value  of  a  manure  according  to  the 
amount  of  its  nitrogen,  is  quite  fallacious,  and  that  its  value  does  not  stand 
in  proportion  to  its  nitrogen. 

"  By  an  exact  estimation  of  the  quantity  of  ashes  in  cultivated  plants, 
growing  on  various  kinds  of  soils,  aud  by  their  analysis,  we  will  learn  those 
constituents  of  the  plants  which  are  variable,  and  those  which  remain  con- 
stant. Thus  also  we  will  attain  a  knowledge  of  the  quantities  of  all  the 
constituents  removed  from  the  soil  by  different  crops. 

"  The  farmer  will  thus  be  enabled,  like  a  systematic  manufacturer,  to  have 
a  book  attached  to  each  Held,  in  which  he  will  note  the  amount  of  the 
various  ingredients  removed  from  the  land  in  the  form  of  crops,  and  there- 
fore how  much  he  must  restore  to  bring  it  to  its  original  state  of  fertility. 
He  will  also  be  able  to  express  in  pounds  weight,  how  much  of  one  or  of 
another  ingredient  of  soils  ne  must  add  to  his  own  land,  in  order  to  increase 
its  fertility  for  certain  kinds  of  plants. 

"  These  investigations  are  a  necessity  of  the  times  in  which  toe  live;  but  in 
a  few  years,  by  the  united  diligence  of  chemists  of  all  countries,  we  may 
expect  to  see  the  realisation  of  these  views ;  and  by  the  aid  of  intelligent 
farm  ere,  we  may  confidently  expect  to  see  established,  on  an  immovable 
foundation,  a  rational  system  of  farming  for  all  countries  and  for  all  soils." — 
p.  212,  213. 

Speaking  of  the  importation  of  phosphoric  acid  into  Great 
Britain  in  the  form  of  bones,  in  ten  years,  he  says  : — 

"  To  have  increased  the  fertility  of  the  fields  in  the  right  proportion, 
800,000  tons  of  potash  ought  to  have  been  added  to  the  1 ,000,000  tons  of  bones 
in  a  suitable  form/' — Address,  p.  13. 

"  The  fabrication  of  a  manure,  equal  in  its  composition  and  effects  to  the 
solid  and  fluid  excrements  of  animals  and  men,  seems  to  me  one  of  the  most 
essential  demands  of  our  time,  more  especially  for  a  country  like  England, 
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which,  from  various  circumstances,  a  rational  agriculture,  without  a  supply 
manure  in  some  shape  or  other  from  without,  seems  nearly  impossible."— 
,p.24. 

Now,  on  what  principles,  and  by  what  constituents,  does 
iron  Liebig  propose  to  provide  England  with  a  manure  "from 
thout"  equal  in  its  composition  and  effects  to  genuine  guano, 
d  to  the  solid  and  fluid  excrements  of  animals  and  men  ?  He 
es  on  in  the  same  page  to  say,  "  The  following  salts  may  be 
awarded  as  the  essential  constituents  of  a  powerful  manure  ap- 
icable  to  all  descriptions  of  soil."  He  then  enumerates  under 
is  head,  all  the  constituents  indicated  by  analysis  in  animal 
anures,  including,  not  only  the  mineral  constituents,  but 
rimonia,  decaying  vegetable  matter,  &c.  But,  immediately  after- 
&rds,  speaking  of  the  mineral  substances,  he  says  : — 

"  These  are  the  substances  which  together  give  fertility  to  the  soil ;  but 
though  each  of  them  may,  under  certain  circumstances, — namely,  where 
tc  soil  is  defective,  or  where  it  is  not  indifferent  to  the  plant  to  take  up  one 
tstead  of  the  other,  as,  for  instance,  may  be  the  case  with  soda  instead  of 
otaas, — increase  the  fertility,  no  one  of  them  can  be  regarded  as  msnure, 
ccording  to  the  common  meaning  of  the  word,  for  the  simple  reason,  that 
nly  all  of  them,  in  certain  proportions,  will  fulfil  the  purpose  for  which  the 
ommon  manure  is  applied.  This  purpose  is  the  restoration,  or  an  increase 
'the  original  fertility,  and  by  manure  we  must  replace  all  the  constituents 
f  the  plants  which  have  been  taken  atoay  in  the  harvest,  or  which  are 
"Gained  in  the  plants  which  we  are  desirous  to  cultivate." — lb.,  p.  26. 

Having  thus  stated  the  principle  upon  which  a  manure  from 
tKoui,  and  to  replace  guano  and  the  solid  and  fluid  excrements 
Animals  and  men,  should  be  compounded,  he  says : — 

"  "What,  then,  are  the  constituents  of  the  soil  which  we  remove  by  the 
fc^«v,  seeds,  tuberculous  roots,  stalks,  Sec,  of  our  plants  of  culture  P  It  is 
>ous  that  we  must  know  these  first,  in  order  to  restore  them  in  sufficient 
l*mtities.  To  this  we  answer,  by  giving  the  analysis  of  the  ashes  of  plants 
*  their  seeds."  \\ 

^fter  this  overwhelming  amount  of  evidence  on  the  point — 
Ruinating  as  it  does  to  an  almost  exact  reflection  of  what  we 
assumed  in  our  Papers  to  be  the  Mineral  Theory  of  Baron 

2*big  as  applied  to  agriculture — after  all  this  evidence  from 

1  own  writings,  we  need  scarcely  ask :  — 

1 8  there  in  the  sentence  of  our  Paper,  of  which  Baron  Liebig 
touch  complains — is  there,  we  ask,  in  that  sentence,  that  of 

*ich  he  should  say : — 

Xn  it — "I  find  two  erroneous  statements,  the  continued  dif- 
^ion  of  which  I  can  no  longer  tolerate ?'  ? 
^)r  is  he  justified  in  asserting  that  he  has  never  said — "  That 
^  produce  of  land  is  proportional  to  the  supply  or  diminution 

**ie  available  mineral  constituents  "  ? 
^  *That — "  I  find  in  my  work  only  one  passage  in  which  I  speak 
land  of  England  in  the  sense  understood  by  Mr.  Lawes  "  ? 
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That — "  It  is  not  difficult  to  refute  the  opinions  of  another,  if 
we  ascribe  to  him  assertions  which  he  has  never  made" ? 

And  that — "  It  never  occurred  to  me  to  assert  that  the  land  of 
Great  Britain  was  deficient  in  the  substances  which  are  found 
together  in  the  ashes  of  the  crops  raised  on  it,"  &c.  ? 

Or,  need  we  further  ask — Where  is  the  Oxford  version  *  of  the 
"  Mineral  Theory," — namely,  that  "  it  throws  upon  the  air,  or 
upon  the  ingredients  of  the  manures  which  are  organic  in  their 
origin,  the  task  of  furnishing  nitrogen  to  the  plant" — where 
is  there  any  trace  of  this  version  of  the  "  Mineral  Theory,"  in 
the  overwhelming  amount  of  Baron  Liebig's  own  definitions  of 
his  peculiar  doctrines  which  we  have  been  quoting  ? 

Secondly.  We  will  now  show  how  Baron  Liebig's  so-called 
"  Mineral  Theory  "  has  been  understood  by  other  writers  than 
ourselves,  not  only  in  England,  but  in  Germany,  Prance,  and 
America. 

Dr.  Muspratt,  formerly  a  pupil  of  Professor  Liebig  at  Giessen, 
now  Professor  of  Chemistry  at  Liverpool,  and  a  son  of  the 
gentleman  of  that  name  who  undertook  the  manufacture  of 
Baron  Liebig's  manures  in  this  country,  commenting  on  a  lecture 
by  Mr.  Karkeek,  in  which  he  had  detailed  the  results  of  some 
experiments  with  Baron  Liebig  s  manures,  says : — 

"  It  Las  long  since  been  established  that  when  the  inorganic  ingredients 
are  all  present,  and  in  sufficient  quantity,  the  carbon  and  nitrogen  the  plants 
can  assume  from  the  air  without  the  interference  of  the  farmer,  if  the  land  be 
in  that  physical  condition  which  is  requisite  for  the  assimilation  of  the  ammonia 
and  carbonic  acid  present  in  the  atmosphere.'1 — Mark  Lane  Express,  March 
1,  1847. 

Mr.  Karkeek,  in  the  course  of  his  reply  to  Dr.  Muspratt,  thus 
indicates  what  he  understands  is  the  doctrine  of  which  Dr. 
Muspratt  was  the  representative  : — 

"  Taking,  then,  these  three  experiments  as  they  stand,  and  well  knowing 
that  the  Trewithen  meadow  had  been  very  highly  manured  for  a  long  time, 
while  the  contrary  was  the  case  in  the  other  two  instances,  I  consider  that  I 
was  not  much  out  of  the  way  in  stating  my  opinion  that  the  failure  of  Liebig's 
manure  was  the  consequence  of  a  want  of  sufficient  quantity  of  azotised  and 
(it  should  have  been  reported)  carbonised  matters  in  the  soil ;  and  whatever 
Dr.  Muspratt  may  think  to  the  contrary,  notwithstanding  I  have  such,  high 
authority  to  contend  with,  yet  from  the  practice  which  I  have  had  in  observing 
the  effects  of  various  kinds  of  artificial  manures  during  the  past  five  years,  I 
am  quite  satisfied  that  the  inorganic  elements  are  of  very  little  value  as  a 
manure  for  plants  without  a  corresponding  supply  of  the  organic.  Indeed  I 
am  of  opinion  that  plants  have  neither  the  power  of  assimilating  the  inorganic 
elements  in  the  soil,  or  the  organic  substances  from  the  atmosphere  in  such  a 
degree  as  to  enable  the  farmer  to  grow  twenty  tons  of  swedes  to  the  acre,  unless 
they  are  also  supplied  with  a  proper  quantity  of  carbonaceous  and  azotised 
substances  at  the  same  time."— Mark  Lane  Express,  March  22,  1847. 

*  See  Saturday  Rei  ierv  of  Nov.  10  an'l  Dec.  1,  1856,  et  *eq. 
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Again — The  Council  of  the  Royal  Agricultural  Society  of 
England  undertook  a  series  of  investigations  as  to  the  composi- 
tion of  the  ashes  of  agricultural  plants,  with  the  object,  in  ac- 
cordance with  the  doctrine  of  Baron  Liebig,  of  ascertaining  the 
manures  required  to  restore  to  land  its  productive  capability  lost 
by  the  removal  of  previous  crops,  or  to  prepare  it  for  the  sub- 
sequent growth  of  this  or  that  agricultural  plant.  In  the  course 
3f  this  inquiry  their  able  chemist  actually  provided  recipes  on 
the  principle  alluded  to.  But,  as  we  well  know,  his  own  judg- 
ment and  sagacity  led  him  to  doubt  the  sufficiency  of  the  plan 
submitted  to  him  to  answer  the  ends  supposed,  long  before  his 
task  had  been  concluded.  Nor  need  we  remind  the  reader,  that 
investigations  of  a  similar  kind,  and  instigated  by  the  same  sug- 
gestions, have  been  made  in  many  of  the  European  laboratories 
with  the  same  object ;  or  further,  that  an  immense  number  of 
manure-making  schemes  have  arisen  in  England,  Germany, 
France,  and  America,  professedly  founded  on  the  principle 
alluded  to. 

In  the  '  North  British  Agriculturist'  of  November  7,  1855, 
the  editor  thus  defines  Baron  Liebig  8  views : — 

"  Now,  according  to  Liebig,  ammonia  is  always  afforded  by  the  atmosphere 
in  excess,  while  mineral  matters,  if  not  always,  are  at  all  events  generally 
deficient  in  the  soil ;  hence  his  inference  is,  that  in  order  to  increase  the  crop,  it 
i*  only  necessary  to  add  the  latter.  He  does  not  assert  that  ammonia  is  use- 
s*s :  on  the  contrary,  he  would  have  every  farmer  to  add  it  to  his  soil,  and 
&at  abundantly,  if  he  happens  to  possess  it ;  but  if  he  proposed  to  lav  out  a 
Brtain  sum  of  money  in  the  purchase  of  manures,  he  would  counsel  him  to 
tpeod  it  on  mineral  matters,  and  trust  to  the  atmosphere  for  the  ammonia, 
hich  he  believes  may  be  obtained  from  it  in  quantity  more  than  sufficient  for 
e  largest  crop  which  it  is  possible  to  obtain" 

Professor  Johnston,  in  a  lecture  delivered  at  the  York 
feeting  of  the  Royal  Agricultural  Society,  in  1848,  says  : — 

u  A  third  opinion  adopted  by  many,  and  extensively  acted  upon  by  some, 
,  that  plants  obtain  all  their  organic  matter  directly  from  the  air,  and  derive, 
id  therefore  require,  only  mineral  matter  from  the  soil.*  " — Jour.  Hot/.  Apr. 
te.  Eng.,  vol.  ix.  part  i.,  p.  223. 

And,  in  a  note  to  which  attention  is  drawn  by  the  star  given  at 
te  end  of  his  sentence,  Professor  Johnston  gives  the  very  sen- 
race  from  Baron  Liebig,  which  we  are  ourselves  so  much  com- 
lained  of  for  quoting,  thus  : — 

"  # '  The  crops  on  a  field  diminish  or  increase  in  exact  proportion  to  the  dimi- 
irtion  or  increase  of  the  mineral  substances  conveyed  to  it  in  manure. — 
*Mg:" 

In  France — M.  Boussingault,  whose  competency  to  judge  of 
och  matters  is  second  to  none  in  that  country,  and  whose  high 
liaracter  and  authority  as  a  philosopher  and  an  agricultural 
demist  no  one  will  doubt,  thus  indicates  both  his  understanding 
k»d  his  opinion  of  Baron  Liebig's  doctrine  — 
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"  The  view  which  assumes  that  the  saline  substances  which  manures  con- 
tain, are  their  only  really  useful  constituents  would  lead  to  advising  farmers 
to  burn  their  manure  heaps  in  order  to  diminish  the  carriage,  always  such  an 
inconvenience  and  so  costly.  I  question  whether  this  advice  would  ever  be 
followed.  Moreover,  careful  observntion  has  shown  that  the  organic  sub- 
stances in  manure  exert  a  very  marked  effect.  Thirty  square  metres  of  in- 
fertile clay  soil  were  manured  with  farm-yard  manure,  and  yielded  a  very  good 
crop  of  oats.  By  the  side  of  this,  on  an  equal  surface,  were  spread  the  ashes 
(the  salts  therefore)  of  an  equal  quantity  of  the  same  manure ;  by  so  doing 
the  produce  was  not  sensibly  increased.* — Ecunomie  Hurale,  vol.  ii.  p.  81-2 
(Translated). 

Another  able  French  writer,  M.  Puvia,  in  his  'Traits  des 
Amendements/  says  (we  give  the  passages  translated) — 

"  Humus,  in  a  solub'e  state,  would  be  the  peculiar  food  of  plants,  and 
would,  moreover,  furnish  them  with  an  incessant  supply  of  carbonic  acid,  as 
the  illustrious  chemist  of  Giessen  himself  admits,  though  at  the  same  time  he 
calls  in  question  the  necessity  of  animal  manures" — p.  423. 

"  The  illustrious  chemist  of  Giessen,  having  formerly  admitted,  in  common 
alike  with  practical  men  and  theorists,  that  ammonia  is  an  essential  and  ne- 
cessary constituent  of  manure,  now  regards  it  (ammonia)  as  one  of  the  con- 
stituent principles  of  atmospheric  air,  and  maintains  that  plants  will  derive  it 
thence  according  to  their  requirements,  as  they  do  carbonic  acid." — p.  623. 

"  He  then  goes  on  to  express  a  ho/te  that  the  time  may  come  when  saline 
matters  in  small  bulk  tall  be  substituted  for  animal  manures.11 — p.  624. 

"  In  his  new  system  he  would  almost  exclude  nitrogen,  which  however 
practical  experience  teaches  us  to  look  upon  as  one  of  the  most  active  agents  of 
production." — p.  624. 

*'  Since  the  chemist  of  Giessen,  Liebig,  has  proposed  to  replace  the  manure 
heap  by  small  quantities  of  saline  substances ,  and  has  himself  set  the  example 
of  the  sale  of  these  substances,  propositions  for  new  manures  have  rained  upon 
us  in  all  parts  of  Europe  ;  in  France,  much  more  than  elsewhere,  manufac- 
turing processes  have  risen  up  in  all  directions,  to  replace  stable  and  other 
powerful  manures  by  substances  either  in  powder  or  in  the  liquid  state,  of  a 
bulk  fifty  or  one  hundred  times  less  than  even  the  smallest  quantities  of 
manures  which  experience  had  sanctioned.  Since  1842  we  may  reckon  eighty- 
six  patents  of  inventions  for  new  manures,  and  all  promise  the  highest  pro- 
ductiveness."— p.  627. 

"  The  chemist  of  Giessen  ha.«  adopted  the  fundamental  principle  of  the  system 
of  Duharael,  namely,  that  plants  derive  from  the  atmosphere  all  the  volatile 
principles  which  enter  into  their  composition ;  but  considering  that  plants  also 
contain  fixed  mineral  principles  which  are  not  found  in  the  atmosphere,  and 
that  successive  crops  would  soon  deprive  the  land  of  these  substances  necessary 
to  vegetable  organisation,  he  has  thought  it  necessary  to  add  to  the  system  of 
Duharael,  as  a  necessary  condition,  that  we  must  give  to  the  soil  the  mineral 
substances  according  to  the  composition  of  the  crop  that  we  wish  to  produce. 
Convinced  of  the  justice  of  his  theory  he  thought  to  profit  by  it,  ana  accord- 
ingly artificial  manures  modified  to  suit  the  nature  of  the  soil,  ana  the  kind  of 
crops,  were  sold  under  his  name  in  Germany  and  England  ;  the  name  of  the 
distinguished  chemist  ensuring  in  these  two  countries  a  great  number  of 
trials,  to  which  nothing  in  general  was  wanting  but.  success.* — p.  632. 

After  the  failures  resulting  from  the  use  of  the  Liebig  manures  they  were 
soon  abandoned,  and  the  analogous  composts  to  which  they  had  given  rise, 
also  quickly  fell  into  discredit."— p.  (535. 

In  Qennnmj,  —numerous  writers  have  told  us  how  they  tinder- 
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stand  Baron  Liebig's  doctrine ;  we  quote  from  a  few  of  these, 
some  of  whom  have  also  given  their  opinion  as  to  the  truth  of 
that  doctrine. 

Professor  F.  6.  Schulze,  of  Jena,  thus  defines  Baron  Liebig's 
theory  (we  quote  from  p.  204  of  the  '  Patent  Office  Report '  for 
1848  ;  Washington,  1849)  :— 

"  The  stable  manure  which  agriculturists  furnish,  essentially  aids  vegetable 
life,  only  by  what  it  contains  of  alkalies,  lime,  silica,  and  other  mineral  ele- 
ments, not  by  what  it  contains  of  carbon,  hydrogen,  oxygen,  and  nitrogen, 
for  these  substances  plants  can  obtain  from  the  air,  as  an  inexhaustible  source. 
As  now  in  stable  manures,  the  mineral  elements  bear  the  proportion  of  some 
two  to  seven  per  cent,  of  the  whole  mass,  so  the  agriculturist,  who  yearly 
brings  on  his  fields  100,000  cwt.  of  stable  manure,  carries  out  93,000  to 
98,000  cwt.  in  vain.  It  would  be  far  more  simple  and  less  costly  to  give 
the  plants  only  mineral  manures,  and  to  leave  them  to  acquire  their  organic 
means  of  nutriment  from  the  air." 

"  In  the  burning  of  plants,  the  organic,  not  the  inorganic  portions,  are  dissi- 
pated. Hence  the  agriculturist  can  burn  his  crops,  namely,  his  straw,  and 
yet  continue  his  fields  in  the  streDgth  hitherto  possessed,  if  he  only  cariies  on 
the  ashes  acquired  by  such  burning.  But  if  circumstances  do  not  permit  him 
to  manure  the  plants  with  such  ashes,  yet  can  the  same  object  be  attained,  if 
by  the  aid  of  chemistry  he  will  examine  into  the  ash  constituents  of  his 
wveat,  and  carry  the  mineral  substances  corresponding  to  his  analysis  upon 
hk  field." 

Dr.  Weissenborn,  of  Weimar,  in  an  article  entitled  1  Observa- 
ions  on  Liebig's  Patent  Manure ;  with  a  Comparative  View  of 
be  Theories  of  Thaer  and  Liebig,'  thus  expresses  himself  in 
igard  to  Baron  Liebig's  principles : — 

**  The  great  rule  of  the  new  system  of  manuring  is  the  following : — Let  the 
dds  not  be  manured  with  stable-dung,  nor  with  any  sort  of  dung  whatever 
tat  contains  organic  (vegetable  or  animal)  substances,  along  with  its  inorganic 
lineral)  principles.  This  mineral  manure  the  farmer  has  to  procure,  eit  her 
r  incinerating  all  the  vegetable  substances  that  he  has  reaped,  and  which  he 
nnot  profitably  sell  or  consume  on  his  farm,  especially  by  burning  the  straw ; 

by  applying  to  a  chemist,  with  a  view  of  having  both  the  soil  to  be  ma- 
ired  and  the  ashes  of  the  plant  to  be  cultivated  duly  analysed,  and  of  getting 
epared  conformably  to  the  result  of  nuch  analyses  an  artificial  manure 
lineral  manure,  manure  of  ashes),  containing  the  very  mineral  food  that  the 
ant  wants,  and  that  is  not  already  contained  in  the  ground." 
"  The  advantages  of  the  new  system  of  manuring  are  represented  to  be  the 
Llowing  :— 

u  1 .  The  farmer  saves  almost  the  whole  of  the  expenditure  for  transporting 
anure  to  the  fields,  as  the  weight  of  the  mineral  manure  he  wants  is  only 
6  per  cent  of  that  of  the  stable-dung  hitherto  used. 

'*  2.  On  fields  manured  afier  the  new  system,  the  vegetation  cannot  mate- 
ally  suffer  from  want  of  rain. 

«« 3.  The  straw  may  be  sold;  and  most  of  the  live  stock,  that  scarcely  ever 
ields  a  net  revenue,  may  be  dispensed  with. 

u  4.  The  rotation  of  crops  is  rendered  unnecessary,  and  any  sort  of  crop 
lay  be  raised  on  the  same  field  without  intermission. 

"This  theory  of  Professor  Liebig  is  refuted  by  the  following  principle 
lets :  w—JL*c,  Ac— Farmers  Magazine,  vol.  xv.  1847,  p.  369. 
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Professor  Hugo  von  Molil,  in  his  1  Principles  of  the  Anatomy 

and  Physiology  of  the  Vegetable  Cell,'  says: — 

'*  Instead  of  reforming  agriculture  by  his  manures,  Liebig  has  caused  them 
to  demonstrate  t  he  incorrectness  of  his  theory  of  the  nutrition  of  vegetables."— 

English  Translation,  p.  80. 

Baron  Liebig,  in  his  '  Principles/  recently  published  (p. 
1 21-123),  professes  to  wonder  where  Professor  Wolff  "  has  found  A 
what  be  calls  the  pure  Mineral  Theory  ? "    Dr.  Wolff  answers  ^ 

him  as  follows :•  — 

"  As  Baron  Liebig"  does  not  seem  to  understand  how  I  became  acquainted 
with  the  so-called  *  pure  Mineral  Theory,  founded  and  even  yet  defended  by 
him,  I  will  enlighten  him.    By  the  liebig  Mineral  Theory  every  one  under-  — 
stands  the  idea  which  was  to  be  practically  carried  out  in  the  patent  manure,  v 
namely,  that  when  a  soil  has  become  exhausted  by  one  or  more  crops,  the  9  ce 
mineral  constituents  necessary  for  the  food  of  plants  shall  be  restored  to  it  iocs-  <fin 
sparingly  soluble  compounds,  and  in  such  proportions  as  a  chemical  analysiss  *  «is 
of  the  crop  would  indicate.  Bv  means  of  the  patent  manure  the  same  planter  *ts 
might  be  grown  uninterruptedly  on  the  same  land,  and  a  succession  of  abun—  mtw  itl- 
daut  crops  obtained." — Zeitsvhrift  fiir  Deutsche  Landwirthe,  4en  Heft,  p.  11^  M.  12 
(Translated ). 

In  Amrri'-a  -much  discussion  has  taken  place  regarding  Barorx" <=»n 
Liebig s  views.  But,  to  save  space,  we  will  only  give  one  quo-*c* no- 
tation in  connexion  with  that  country.  In  a  letter  to  Professo  «or 
Webster,  Professor  !•].  N.  Horsford,  whilst  with  Baron  Liebig  at 
(ries>en,  writes,  under  date  May  1,  18*16,  as  follows  (we  quot-^" 
from  the  4  Cienesee  Farmer '  of  August,  1855): — 

"  You  ar.^  a  wan*  that  noussingault  las  expressed  the  opinion,  after  a  variety"  —ty 
of  experiment*,  tliat  the  value  of  manure  is  in  near  relation  to  its  percentafgTJ  -f"*3 
of  ammonia.  .Mulder  has,  you  know,  writteu  much  in  support  of  the  vie"  -^^^ 
that  ulmie  and  huinic  acids,  ulmates,  humates,  &c,  in  one  form  and  anothe ' — 

minister  largely  to  veget-«t  ion  Li f  big  differs  from  them all.  ....  IM^""""^^ 

takes  the  ])osition,  that  the  sources  of  carbon  and  nitrogen  are  carbonic  acB^  -c-*- 
and  ammonia  in  the  air   ^ 

"  It  is  obvious  (from  analyses  of  soils  and  rain-water)  that  the  ammonr. 
spread  on  Hells  in  the  ordinary  distribution  of  barn-yard  products  is  of  t. 
moment.    T lie  quantity  with  usual  falls  of  rain  greatly  e.rceeds,  in  the  coura^~~ 
of  a  season,  any  conceivahle  supply  by  human  instrumentality  

"But  if.  in  the  manure-heap  and  the  liquid  accumulations  of  the  barn-yai^^  j 
transported  to  the  fields,  the  ammonia  be  not.  the  chief  ingredient,  or  an  ia^-  m  "  ( 
portant  one,  to  what  are  we  to  attribute  the  unquestioned  value  of  stable  pr^  . 
ducts  and  niirht-soil  ■*  Professor  Liebig  has  shown,  that  if  plants  be 
mired  with  the  allies  of  plants  of  the  same  species,  as  the  grasses  of  t 
western  country  are  when  burned  over  in  the  fall,  they  are  supplied  wi^"  "^^i 

their  natural  food  Let  us  consider  what  these  ashes  are,  ai  — y 

what  manure  is.    Herbivorous  animals  derive  their  nourishment  from  Xl^ 
vegetable  kirg.lom  exclusively,  their  fowl  being  grass,  grain,  roots, 
These,  with  tin  ii*  organic  and  inorganic  malters,  are  eaten.    A  portion 
them  is  assimilated,  becoming  bone,  muscle,  tendon,  fat,  Sec.    Another  pc 
thui  is  void.-d  in  the  form  of  excrement  itious  matter.    In  process  of  time  t? 
bones  and  tissue  follow  the  same  course.    What  to-day  forms  the  eye,  wi 
its  sulphur,  and  its  phosphorus,  and  carbon,  &c,  will  have  accomplish-' 
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Sice,  and  left  the  organism  to  mingle  with  the  excrement*,  or  escape  as 
>nic  acid  and  water  from  the  lungs.   At  length  all  the  inorganic  matters 

re-  appear  in  the  voided  products  The  animal  organism  has 

trmcKi  the  office  of  a  mill  Grain  was  supplied.  Instead  of  appearing 
)ur  and  bran,  and  the  intermediate  meal,  it  appears,  after  intervals  of 
ter  or  lees  length,  in  soluble  inorganic  salts  in  the  liquid  excrements,  in 
luble  inorganic  salts  in  the  solid  excrements,  and  in  carbonic  acid  and 
»r.  Now,  after  burning  a  plant,  what  remains  P  It  contained,  *hen  grow- 
carbon,  nitrogen,  hydrogen,  and  oxygen,  as  organic  bodies,  and  water. 
»n tained  also,  in  variable  proportions*  common  salt,  potass,  soda,  magnesia, 
,  iron,  phosphorus,  sulphur,  and  silica.  The  first  four  were  expelled  in 
combustion.  The  remaining  ingredients,  for  the  most  part,  remained  un- 
iged.  Had  the  plant  gone  into  the  body  of  an  animal,  and  in  the  course 
a  erolutions  through  the  organism  lost  its  carbon,  hydrogen,  nitrogen,  and 
ren,  the  remaining  ingredients  would  have  been  the  same  as  before.  In 
case  the  plant  would  have  been  burned  in  the  organism ;  in  the  other,  in 
icible.  The  ashes  and  the  excrements  are  substantially  the  same, .  .  .  Night- 
and  guano  are  the  ashes  of  animal  and  vegetable  organisms  burned  in 
tal  bodies.  They  are  the  ashes  of  plants — the  essential  food  of  plants. 
\ce  their  value  as  manures" 

Jo  much,  then,  for  the  consistency  of  the  interpretations  of 
writers — English,  French,  German,  and  American — with 

interpretations  we  have  ourselves  given  of  the  Mineral 
M>ry  of  Baron  Liebig.  And  how,  we  would  ask,  are  these 
9rpretations  consistent  with  those  now  claimed  by  Baron 
»big  and  his  friends,  namely,  that  "  Tlie  Mineral  Theory" 
lirows  upon  the  air,  or  upon  the  incjred.ienh  of  the  manure  which 

organic  in  their  oritjin>  the  task  of  furnishing  nitrogen  to  the 
nts"? 

Baron  Liebig  shall  answer  for  himself,  whether  it  is  upon 
ke  manure  "  that  he  throws  u  the  task  of  furnishing  nitrogen 
the  plant."  This  one  quotation  and  we  have  done  with  these 
gthy  illustrations  of  Baron  Liebig's  views.  Tn  a  letter  to  the 
itor  of  the  *  Bevue  Scientifique  et  Industrielle,'  a  translation 
a,  part  of  which  is  given  in  the  4  Farmer's  Magazine/  vol.  xvi. 
$47),  p.  511,  from  which  we  quote,  Baron  Liebig  says : — 

1  It  has  been  demonstrated  that  ammonia  is  a  constituent  part  of  the  atmo- 
«re,  and  that  as  such  it  is  directly  accessible  and  absorbable  by  all  plants. 
:hen,  the  other  conditions  necessary  to  the  growt  h  of  the  plants  be  satisfied — 
the  soil  he  suitable,  if  it  contains  a  sufficient  quantity  of  alkalies,  phos- 
ties,  and  sulphates,  nothing  will  be  wanting:  the  plants  will  derive  their 
mania  from  the  atmosphere  as  they  do  carbonic  acid.    We  know  well  that 
>y  are  endowed  with  the  faculty  of  assimilating  these  two  aliments,  and  I 
illy  cannot  see  why  we  should  search  for  their  presence  in  the  7na?iures  we 
......    The  question  of  the  necessity  for  ammonia  in  our  inanures 

lolve*  itself  into  the  question  of  the  necessity  for  animal  manures,  and  upon 
a  solution  depends  the  entire  future  prospects  of  agriculture ;  for  as  soon  as 
»  can  dispense  with  bulky  farm-yard  manure,  by  the  use  of  artificial  prepara- 
ma,  the  productive  power  of  our  fields  is  placed  in  our  own  hands."  ! 


Thirdly.  Having  shown  what  was  the  "  Mineral  Theory  "  ad- 
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vocated  by  Baron  Liebig  prior  to  his  recently  published  work, 
and  how  we  and  others  have  understood  that  theory  as  so  advo- 
cated, we  now  pass  on  to  the  third  main  division  of  our  subject ; 
namely,  to  a  consideration  of  the  criticisms  of  our  experi- 
ments and  opinions  regarding  the  growth  of  wheat  and  turnips ; 
and,  in  the  course  of  this  inquiry,  we  shall  endeavour,  by  the  aid 
of  the  experiments  quoted  by  Baron  Liebig,  taken  with  others 
by  their  side,  to  relieve  the  points  which  they  are  calculated  to 
elucidate,  of  the  mystery  and  confusion  in  which  Baron  Liebig 
has  sought  to  envelop  them. 

In  regard  to  our  experiments  on  the  growth  of  wheat,  Baron 
Liebig  says  we  have  drawn  the  conclusions  : — 

1.  "  That  the  mineral  constituents  of  wheat  cannot  by  themselves 
increase  the  fertility  of  land." 

2.  "  That  the  produce,  in  grain  and  straw,  is  rather  proportional 
to  the  supply  of  ammania." 

We  do  not  object  to  the  definitions  here  given  of  our  con- 
clusions— subject  of  course  to  the  amplifications  and  qualifica- 
tions which  our  own  papers  indicate.  But,  notwithstanding  in  a 
public  discussion  on  this  subject,  we  utterly  repudiated  the 
definition  of  some  of  our  conclusions  assumed  by  Baron  Liebig 
in  summing  up,  and  giving  his  verdict  on  our  opinions  at  the 
end  of  his  Treatise,  he  did  not  scruple  to  repeat  those  palpably 
incorrect  interpretations  of  our  meaning. 

Let  us  now  see,  how  it  is  that  Baron  Liebig  seeks  to  show, 
that  our  own  experiments  contradict  the  above  conclusions, 
Nos.  1  and  2. 

Before  we  can  do  this,  however,  we  must  first  clear  the  ground 
of  a  most  ingenious  objection,  by  which,  as  he  cannot  deny  our 
facts,  he  would  seek  to  throw  them  aside,  as  utterly  unfit  to  be  the 
foundation  for  any  general  conclusions  regarding  any  other  land 
than  our  own,  or  regarding  agricultural  practices  generally. 

Baron  Liebig  says, — 

"  Mr.  Lawes  has  shown,  in  the  most  convincing  manner,  that  in  his  land 
the  mineral  constituents  of  wheat  were  present  in  the  greatest  abundance  and 
in  an  available  form  ;  and  no  one  but  Mr.  Lawes  himself  can  be  surprised 
that,  under  such  circumstances,  by  manuring  with  ammoniacal  salts  only, 
without  any  addition  of  mineral  matter,  he  obtained  during  six  years  a 
higher  produce  than  from  the  same  land  unman ured  ;  for  theory  plainly  pre- 
dicts such  a  result" — Principles,  pp  78,  79. 

"  Mr.  Lawes,  then,  as  appears  from  these  passages,  chose  for  his  experiments 
a  portion  of  land  which,  on  account  of  its  neing  so  rich  in  available  mineral 
constituents,  and  of  its  other  qualities,  was  utterly  unsuited  to  his  purpose, 
and  which  ought  to  have  been  unhesitatingly  rejected,  if  the  object  was  to  test 
the  value  of  the  mineral  food  of  plants.  And  since  the  mineral  manure,  in 
the^e  circumstances,  could  not  possibly  have  the  effect  expected  by  Mr.  Lawes, 
his  conclusions  are  destitute  of  all  foundation  in  logic  or  in  facts." — p.  69, 60. 

Certainly,  this  is  a  very  clever  way  of  dismissing  the  whole  of 
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xperimental  evidence :  and,  in  a  similar  manner,  experi- 
9  on  ten  thousand  different  soils  might  be  dismissed  as  ex- 
>nal,  and  therefore  inapplicable  to  any  other  case  than  the 
mlar  one  in  which  the  result  was  obtained.  In  other  words, 
>lution  of  general  agricultural  questions  is  not  within  the 
of  field  investigation ! 

t  we  propose  to  show,  that  these  assertions  are  "desti- 
of  all  foundation  in  logic  or  in  facts,"  and  that  the  land  in 
ion  was  perfectly  adapted  to  the  object  in  view  in  the  expe- 
rts ;  which  was,  not  simply  to  test  the  value  of  the  mineral 
of  plants,  but  to  ascertain  what  was  the  nature  of  the 
Lire  required — mineral  or  otherwise — to  restore  the  produc- 
sapability  for  the  increased  growth  of  corn,  which  had  been 
iBted  by  an  unusually  severe  course  of  cropping  on  an 
iry  soil,  and  which,  in  the  ordinary  course  of  management, 
1  have  had  its  productiveness  again  increased,  by  the  use 
9  ordinary  means  of  farm-yard  manure,  fallow,  or  green 
ing. 

3  must  repeat,  then,  that  which  we  have  reiterated  so  often 
we  are  almost  ashamed  of  again  troubling  our  readers  with 
tatement,  namely,  that  whatever  might  be  the  quality  of  the 
elected  (and  it  was  certainly  anything  but  one  of  the  richest 
of  Great  Britain,  as  described  by  Baron  Liebig),  it  was 
itate  of  practical  or  agricultural  exhaustion,  when  first  sub- 
d  to  experiment.  That  is  to  say,  it  had  grown  a  course 
nips,  barley,  peas,  wheat,  and  oats,  since  the  application  of 
re ;  and  it  was  by  this  treatment  brought  into  such  a  con- 
i  of  comparative  or  practical  unproductiveness,  that  no 
>r  paying  rent  for  it,  and  no  landlord  letting  it,  would  allow 
ftin  to  grow  corn  without  manure  In  some  form.  It  was, 
)ver,  as  we  have  already  said,  in  such  a  state  of  practical  or 
Utural  infertility,  that  the  use  of  the  ordinary  means  of 
re,  fallow,  or  green  cropping,  would  very  greatly  increase  its 
ce.  And,  whatever  may  be  the  opinion  or  the  dictum  of 
f  theoretical  persons,  however  high  their  authority  in  their 
lepartment  of  knowledge,  we  do  not  hesitate  to  maintain 
>  the  intelligent  practical  man,  that  a  soil  which  had  been 
itted  to  the  exhausting  treatment  above  described,  and 
ht  into  the  condition  here  stated,  was  in  a  fit  and  proper 
for  experimenting  on  with  manures,  in  order  to  ascertain 
kture  of  the  corn-exhaustion  it  had  suffered  by  a  course  of 
ltural  cropping. 

i,  in  order  to  prove,  that  the  soil  teas  in  a  state  of  agricultural 
stion,  and  that  it  was  in  a  condition  to  show  the  effects  both 
neral  and  organic  manures,  we '"have  arranged  in  the  fol- 
g  Table  (1.)  a  condensed  summary  of  nearly  tufe  ^Yvcta  ot 
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the  results  obtained  in  the  field  in  question,  daring  a  period  of 
eleven  years  of  the  successive  growth  of  wheat. 


Table  I. 

Summary. — Results  of  Experiments  on  the  Growth  of  Wheat. 
Average  Total  Produce,  and  Total  Increase  (Corn  and  Straw),  lb*,  per  Acre. 


[  Series  | 

General  Description  of  Manures. 

Number 

of 
Years. 

Numbei 
of 
Cases. 

Total 
Produce 

(Corn 
and 
Straw). 

Total 
Increase 

(Corn 
and 
Straw). 

1 
2 
3 

11 
8 
11 

27 
40 
11 

lbs. 
2864 
8018 
5036 

lbs. 

154 
2172 

4 

5 

6 

M 

Ammonia-salts,  only  (Standard  Amount)  .... 
Nitrate  of  Soda        (  =  do.         do.    ) . 
Ammonia- salts        (  =  do.         do.    )with  Minerals 
Ammonia-salts    )     ,      .           ,      N  ,  . 
and  Rape-Cake  \    <  =  do*         do*    >  do*  da 

i 

6 

36 
4 

117 

12 

4857 
4907 

5531 

5540 

1993 
2043 

2667 

2676 

8 
9 

10 1 

Ammonia-salts 
Ammonia-salts 
Ammonia- sats  \ 
and  Rape-Cake  J 

(less than  Standard)  do. 
(more  do.     do.     )  do. 

( do.  do.     do.     )  do. 

do. 
do. 

do. 

6 
8 

5 

17 
31 

22 

4536 
6445 

6016 

1671 
3681 

3152 

The  plan  of  this  Table  (I.)  is  as  follows.  We  have  taken  the 
average  total  produce  per  acre  (corn  and  straw)  of  all  the  plots  in 
each  separate  year  which  were  unmanured,  and  then  the  average 
of  these  for  the  eleven  years  of  the  experiment :  the  number  of 
cases  in  all,  as  seen  by  the  Table,  amounting  to  27.  In  like 
manner  the  average  is  taken  of  all  the  cases  in  each  year  in  which 
mineral  manures  alone  were  employed,  and  then  the  average  of 
these  results  of  the  individual  years,  by  dividing  their  sum  by  the 
number  of  years ;  and  so  on,  with  the  cases  where  farm-yard 
manure,  ammoniacal  salts,  or  any  of  the  other  characteristic  con- 
stituents or  combinations,  as  indicated  in  the  Table,  were  em- 
ployed. The  last  column  in  the  Table — that  of  total  increase — 
represents  the  average  annual  total  increase  in  lbs.  (that  is,  corn 
and  straw  together),  obtained  from  the  manured  over  that  of  the 
unmanured  plots. 

We  are  not,  it  is  true,  favoured  with  any  numerical  statement 
whatever,  either  summary  or  in  detail,  of  the  experiments  on  the 
44  Liebig's  Height  "  ;  but  we  should  not  ourselves  have  thought 
of  asking  confidence  in  such  a  mere  condensed  summary  as  we 
now  give,  were  it  not  that  many  of  the  results  which  go  to  form 
it,  are  already  before  the  readers  of  this  Journal,  and  the  remainder 
we  trust  will  be  so  in  the  course  of  time.  This  being  so,  we  do 
not  doubt  that  this  summary  will  be  accepted  as  both  much  more* 
convenient,  and  better  adapted  for  the  discussion  of  the  more 
prominent  and  characteristic  facts,  than  a  series  of  elaborate 
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tables  of  detail.  Leaving,  then,  entirely  out  of  the  question,  on 
this  occasion,  all  detail  or  discussion  as  to  the  amount  and 
specific  description  of  the  different  manures,  and  also  as  to  the 
varying  proportions  of  corn  and  straw  respectively,  which  make 
up  the  sum  of  the  total  produce,  according  to  season,  the  manures 
employed,  &c,  let  us  see  what  are  the  broad  and  main  features 
brought  out  by  this  immense  mass  of  experimental  evidence. 

The  average  annual  total  produce  (corn  and  straw)  per  acre 
unmanured,  including  the  results  of  eleven  years,  and  extending  in 
all  to  27  cases,  is  2864  lbs.  The  average  annual  increase  over  this 
amount,  obtained  by  various  purely  mineral  manures,  in  40  cases, 
distributed  over  eight  different  years,  is  only  1 54  lbs.  The  increase 
by  farm-yard  manure  on  the  other  hand,  taking  the  average  of 
eleven  years,  is  2172  lbs.  It  is  clear,  therefore,  that  there  are 
here  2000  lbs.  of  increased  produce,  beyond  that  which  the 
mineral  manures  were  adequate  to  yield.  Again,  it  is  seen  (in 
Series  4),  that  the  average  of  36  cases  of  purely  ammoniacal 
manure,  gave  an  average  increase  over  the  unmanured  plots  of 
1993  lbs. ;  whilst  nitrate  of  soda,  another  manure  whose  efficacy 
is  due  to  the  nitrogen  it  supplies,  and  which  was  applied  in 
quantity  as  nearly  as  possible  equal  in  nitrogen  to  that  of  the 
ammonia-salts,  has  given  a  mean  average  increase  of  2043  lbs. 

In  the  next  series  (6),  we  have  117  cases,  distributed  over  nine 
years,  in  which  ammonia-salts  were  employed,  in  quantity  equal 
in  their  contents  of  nitrogen  to  the  ammonia-salts  of  Series  4, 
and  the  nitrate  of  soda  of  Series  5 ;  but  we  have  here  (in  Series  6), 
the  addition  to  the  nitrogenous  manure  of  various  purely  mineral 
manures ;  and  the  increase  then  rises  to  2667  lbs.  instead  of  only 
about  2000  lbs.  with  nitrogenous  manure  alone ;  so  that,  with 
this  combined  mineral  and  nitrogenous  manure,  the  produce 
considerably  exceeds  that  by  farm-yard  manure.  Whilst,  then, 
an  excessive  supply  of  nitrogenous  manure  alone  has  produced 
an  average  increase  of  about  2000  lbs.,  the  further  addition  of 
minerals  has,  when  there  was  at  the  same  time  a  large  amount 
of  nitrogen  artificially  provided  within  the  soil,  given  a  further 
average  increase  of  674  lbs. ;  though,  when  these  minerals  were 
added  without  an  excess  of  nitrogen  in  the  soil,  the  average 
increase  they  yielded  was  only  154  lbs. 

It  is  seen  then,  that  mineral  manures  alone,  increased  the  pro- 
duce of  this  agriculturally  exhausted  field  in  no  practical  degree  ; 
that  pure  nitrogenous  manures  increased  it  nearly  as  much  as 
the  ordinary  manure  of  the  farm  ;  and  that  nitrogen  together  with 
minerals  gave  a  produce  nearly  double  that  of  the  unmanured 
land,  and  considerably  exceeded  that  by  farm-yard  manure.  "  That 
the  mineral  constituents  of  wheat  cannot  by  themselves  increase  the 
fertility  of  land" — and  uthat  the  produce  in  grain  and  fcivcuu  v& 
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rather  proportional  to  the  supply  of  ammonia  " — would  be  con- 
clusions from  these  simple  facts,  far  more  logical  than  many 
which  we  are  expected  to  receive  without  any  facts  at  all. 

To  proceed.  May  it  not  be  said  that  the  effect  of  the  farm- 
yard manure  upon  the  increased  growth  of  wheat,  was  due 
in  some  way  or  other  to  its  carbonaceous  substance,  rather  thau 
chiefly  to  its  nitrogen,  and  to  a  small  extent  to  its  minerals  in 
connexion  with  that  nitrogen  ?  This  supposition  is  negatived 
by  a  comparison  of  the  results  of  Series  7  with  those  already 
discussed,  which  throws  some  light  upon  the  relative  effects  of 
the  nitrogenous,  the  carbonaceous,  and  the  mineral  constituents 
of  manure,  upon  the  increased  growth  of  wheat,  on  a  corn- 
exhausted  soil.  Series  7  gives  the  average  of  12  cases,  distri- 
buted over  six  years,  in  which  rape-cake,  either  with  or  without 
ammonia-salts,  was  employed  in  such  quantity  as  to  provide 
nitrogen  exactly  equal  to  the  ammonia-salts  of  Series  6  ;  and  as 
in  the  latter,  so  also  in  Series  7,  miuerals  were  always  added. 
We  have  here  the  striking  result,  of  an  average  difference  of 
produce  of  only  9  lbs.  between  Series  6  and  Series  7,  there 
being  in  the  two  cases  an  identity  in  amount  of  nitrogenous 
supply ;  and  this,  notwithstanding  that  the  rape-cake  employed 
in  Series  7  would  itself  supply  a  considerable  amount  of  addi- 
tional minerals,  and  also  a  large  quantity  of  carbonaceous 
substance,  neither  of  which  have  given  an  appreciable  increase 
beyond  that  of  the  equivalent  nitrogen  and  minerals  of  Series  6. 

In  Series  8  we  have,  together  with  the  minerals,  less  ammonia- 
salts  than  in  Series  6  ;  and  with  this  less  amount  of  ammonia  or 
nitrogen,  we  have  only  1671  lbs.  of  increased  produce,  instead  of 
2667  lbs.  as  in  Series  6.  In  Series  9,  on  the  other  hand,  we  have 
with  the  minerals,  more  ammonia  than  in  Series  6,  and  with  this, 
a  considerably  increased  amount  of  produce  also ;  that  is  to  say, 
when  with  the  minerals  we  have  applied  a  larger  amount  of  am- 
monia in  the  manure  than  the  "  standard,"  we  have  an  average 
annual  increase  of  total  produce  per  acre  of  3581  lbs. ;  with  only 
the  *'  standard  "  amount  of  ammonia,  an  increase  of  2667  lbs. ; 
and  with  less  ammonia  than  u  standard,"  an  increase  of  only 
1671  lbs.  And,  finally,  in  Series  10,  with  minerals,  rape-cake, 
and  ammonia,  containing  together  mwe  nitrogen  than  in  Series  6 
and  7,  we  have,  taking  an  average  of  22  cases,  and  extending 
over  a  period  of  five  years,  an  average  increase  of  3152  lbs.; 
instead  of  2667  lbs.  and  2676  lbs.  in  Series  6  and  7  respectively. 

Surely  in  the  results  of  this  comprehensive  summary  of  experi- 
mental evidence,  we  have  good  grounds  for  concluding,  that  this 
practically  corn-exhausted  field  was  in  a  condition  to  test  the 
nature  of  that  exhaustion,  and  of  the  constituents  requisite  to 
restore  it  to  that  condition  of  practical  corn  productiveness, 
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le  ordinary  means  of  farm-yard  manure,  fallow,  or  green 
aj  would  attain ;  and,  if  it  be  really  so,  there  surely  has 
•me  light  thrown  upon  the  important  question  of  the 
3f  the  efficacy  of  these  well-recognised  practices,  so  far 
irrowth  of  grain  is  concerned. 

object  of  this  inquiry  really  was,  then,  to  determine  by 
nstituents  of  manure  the  produce  could  be  raised  from  the 
amount  of  its  agriculturally  exhausted  state — no  matter 
r  this  was  17  bushels  or  0 — up  to  the  point  of  which  it 
>able  by  the  ordinary  means  of  intelligent  and  successful 
5.  This  is  the  practical  question,  the  question  for  agri- 
And  we  repeat,  that,  inasmuch  as  by  the  means  that 
mployed  we  obtained  an  increase  per  acre  of  10  to  15 
j  or  more,  with  its  equivalent  of  straw,  over  the  produce 
unmanured  land,  whatever  this  last  might  be — we  say  that, 
\  was  the  case,  our  soil  was  in  a  fit  and  proper  state  to 
bte  the  important  agricultural  question  as  to  what  was  the 
of  the  exhaustion  suffered  by  a  course  of  agricultural 
ag,  and  as  to  what  constituents  it  was  necessary  to  provide 
the  produce  of  grain  could  again  be  raised,  from  that  of 
idically  exhausted,  to  that  of  the  practically  fertile  condi- 
'the  land. 

Baron  Liebig  has  said  that,  because  we  obtained  an  average 
»  of  1125  lbs.  of  grain  and  1756  lbs.  of  straw,  during 
consecutive  years,  that  this  was  a  sufficient  proof — 

be  soil  was  naturally  so  rich  in  available  mineral  constituents,  of  the 
quired  by  plants,  that  manuring  with  4  cwt.  of  mineral  manure  per 
quantity  which,  spread  over  the  ground  and  mixed  with  the  soil 
lepth  of  12  inches,  gives  1  grain  to  20  cubic  inches  of  soil,  could  most 
?  produce  no  effect,  or,  at  the  utmost,  a  very  trifling  one.  For,  in 
;  year,  the  soil  contained  seven  times,  or  about  86  per  cent,  more  of 
ibetances  than  was  required  for  one  crop." — Principles,  p.  68. 

7,  if  it  really  were  so,  that  our  u  soil  was  naturally  so  rich  in 
)le  mineral  constituents  of  the  kinds  required  by  plants," 
ron  Liebig  admits,  is  it  not  the  strongest  condemnation 
could  possibly  be  conceived  of  the  doctrine  presented  in  so 
forms  to  the  farmer,  namely,  that  "  if  only  the  soil  contain 
cient  supply  of  the  mineral  food  of  plants,"  then  "the 
ciia  required  for  their  development  will  be  furnished  by 
mosphere"  ?  Is  it  not,  we  ask,  the  strongest  possible 
noation  of  such  a  view  that,  with  the  soil  in  this  supposed 
Jly  rich  condition,  the  produce  should  still  be  less,  by 
bushels  of  corn,  and  their  equivalent  of  straw,  than  that 
ed  on  the  simple  addition  of  available  nitrogen  to  the  soil  ? 
when  Baron  Liebig  now  informs  us  that — 

«  but  Mr.  Lawes  himself  can  be  surprised  that,  under  such  circum- 
1,  by  manuring  with  ammoniacal  salts  only,  without  any  addition  of 
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mineral  matter,  he  obtained  during  six  years  a  higher  produce  than  from  the 
same  land  unmanured ;  for  theory  plainly  predicts  suck  a  result " — Principle*, 

p.  78— 

we  ask,  is  not  this  again  the  condemnation  by  Baron  Liebig 
himself  of  his  own  previously  insisted-upon  doctrines,  as  already 
shown  in  quotations  from  his  works,  and  in  other  words  in  his 
letter  to  the  editor  of  the  '  Revue  Scientifique  et  Industridkj 
namely,  that — 

"  if  the  soil  be  suitable,  if  it  contains  a  sufficient  quantity  of  alkalies,  phos- 
phates, and  sulphates,  nothing  will  be  wanting;  the  plants  will  derive  their 
ammonia  from  the  atmosphere,  as  they  do  carbonic  acid"?  (!) 

Again — with  regard  to  the  assertion,  that  the  amount  of 
mineral  manure  supplied  in  our  experiments  was  so  small  in 
proportion  to  the  whole  bulk  of  soil,  that  it  "could  most  cer- 
tainly produce  no  effect,  or,  at  the  utmost,  a  very  trifling  one,' 
we  may  answer — 

1  st,  That  mineral  manures,  applied  to  a  similar  description  of 
soil,  and  in  no  greater  proportion  to  its  total  bulk,  have  mos& 
marked  effects  upon  the  growth  of  turnips  and  our  leguminoi*-** 
crops. 

2ndly,  That  the  same  mineral  manures,  applied  in  the  sair»  ^ 
proportion  to  the  bulk  of  soil,  have  a  distinct  effect,  even  ape**3- 
the  cereals,  when  there  is  an  abundance  of  available  nitrogen  pc*~~ 
ruled  within  the  soil  itself. 

Srdly ,  That  salts  of  ammonia,  and  other  compounds  of  nitroge*^ 
applied  in  even  less  proportion  to  the  bulk  of  soil,  increase  tfc*  e 
produce  of  wheat  in  the  particular  soil  in  question,  from  that 
agricultural  exhaustion  to  that  of  high  agricultural  productiven»^ 

Let  us  now  see  by  what  kind  of  reasoning  Baron  Lieb:*-#S 
believes  that  he  can  "  convey  to  the  reader  the  full  conviction 
that  our  own  experiments  not  only  contradict  the  conclusion"*3 
u  that  the  mineral  constituents  of  wheat  cannot  by  ihemtA"^* 
increase  the  fertility  of  land,"  and  "that  the  produce  in  gra**11 
and  straw  is  rather  proportional  to  the  supply  of  ammonia/'  1>C1* 
that  they  are  also  the  "  strictest  and  most  satisfactory  proofs1  °* 
his  own  opinions. 

Those  of  our  results  which  he  particularly  brings  un<ler 
criticism  with  this  view,  are — 

1  st,  Those  of  the  continuously  unmanured  plot ;  and,  . 

2ndly,  Those  of  a  plot  (10a)  which,  after  having  had  mine*"* 
manures  in  the  first  year,  without  yielding  any  practical  mcfGB**m 
of  produce,  had  then  ammonia  salts  only,  for  a  series  of  ye**"6' 
by  means  of  which,  a  large  number  of  heavy  crops  have  b^*^ 
obtained. 

In  Diagram  I.  (annexed)  we  have  the  results  of  these  two  pl°  ^ 
and  those  also  of  plot  10b  by  their  side,  from  the  commencei*1^*1 
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)f  the  experiment  up  to  the  present  time — that  is  to  say,  from 
1844  to  1855  inclusive.  And,  as  before,  we  give  in  this  place 
is  little  detail  as  possible,  in  order  that  the  main  and  more 
general  facts  may  stand  out  the  more  prominently. 

The  plan  of  the  diagram  is  as  follows  : — 

In  the  top  line  of  figures  are  stated  the  years  during  which 
bhe  experiments  were  conducted.  In  the  second  line  of  figures 
the  total  produce  (corn  and  straw)  per  acre  per  annum  of  Plot  3 ; 
the  continuously  unmanured  plot. 

In  the  third  line  of  figures,  we  have  the  produce  of  Plot  10a  ; 
which  was  manured  in  the  first  year  with  a  mineral  mixture, 
containing  superphosphate  of  lime  and  silicate  of  potass,  and  in 
every  succeeding  year,  with  a  somewhat  excessive  amount  of 
ammonia  salts  only. 

In  the  fourth  line  of  figures  is  given  the  total  produce  of  Plot 
10ft;  which  in  the  first  year  had  the  same  minerals  as  Plot  10a, 
and  afterwards,  sometimes  the  same  amount  of  ammonia  salts  as 
the  latter,  sometimes  no  manure  at  all,  sometimes  a  complete 
mineral  manure  in  addition  to  the  ammonia  salts,  and  some- 
times the  mineral  manure  alone. 

And,  in  the  two  lower  lines  of  the  diagram,  we  have  the 
increase  of  total  produce  over  that  of  the  unmanured  plot,  on  the 
Plots  10a  and  10ft  respectively. 

And  in  order  that  the  comparison,  both  as  to  the  general 
character  of  the  manuring,  and  the  amount  of  produce,  on  the 
several  plots,  may  be  brought  to  one  convenient  view,  the  state- 
ment of  the  manuring  is  not  repeated ;  but  only  indicated  by 
squares  of  colour,  which  may  be  supposed  to  represent  the 
different  plots,  thus  : — 

U  nmanured — uncolo  ured. 

Mineral  manure — blue. 

Ammonia  salts — yellow. 

Minerals  and  ammonia  salts  together — green. 

Before  entering  upon  a  comparison  of  the  results  of  the  several 
plots,  we  must  pass  under  review  Baron  Liebig's  remarks  on  the 
produce  of  the  unmanured  plot ;  by  which  he  not  only  seeks  to 
show,  that  our  soil  was  naturally  so  rich  in  available  mineral  con- 
stituents, as  to  be  utterly  unfit  for  experiment — an  objection  of 
which  we  have  already  disposed — but  he  also  seeks  to  draw  the 
conclusion  from  the  variable  amount  of  produce  of  the  unma- 
nured plot  in  different  years,  that  this  was  due  to  the  variable 
amount  of  mineral  constituents  dissolved  in  the  soil  in  the  same 
time ;  and  hence,  he  seeks  to  claim  the  greater  accumulation  by 
the  plant,  in  one  year  than  in  another,  of  carbon  and  nitrogen 
from  atmospheric  sources,  simply  as  the  result  of  an  increased 
supply  to  the  plant  of  soluble  or  available  mmerah. 
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Thus,  comparing  the  produce  of  1844  with  that  of  1845,  the 
latter  being  twice  as  great  as  the  former,  he  says : — 

"If  in  the  year  1844  a  certain  amount  of  rain  fell  on  the  land,  and  thus  a 
certain  amount  of  mineral  constituents  was  rendered  available  for  the  plant; 
and  if,  in  184"),  there  fell!  at  the  favourable  season,  one  half  more  rain,  this 
obviously  dissolved  one-half  more  of  mineral  constituents.  Had  these  not 
been  dissoh  ed  they  could  not  have  entered  the  plant  and  been  there  employed 
— that  is  to  say,  v*  ithout  their  aid  the  crop  of  1845  could  not  have  increased 
by  one-half. 

"  That  to  which,  in  these  remarks,  I  wish  particularly  to  direct  the  attention 
of  farmers,  is  the  fact  that,  in  this  striking  case,  the  produce  of  the  land  in 
grain  and  straw,  and  therefore  in  nitrogenised  matters,  was  much  increased 
without  the  smallest  addition  of  nitrogenous  manure,  for  the  land  received 
no  manure  whatever;  and  solely  from  the  increase  in  the  amount  of  the  mineral 
constituents,  present  in  the  soil,  rfawo/m?  in  the  same  time" — Principles,  pp. 
Oil,  70. 

Here  Baron  Liebig  maintains  that  the  larger  amount  of  mine- 
rals dissolved  by  the  increased  fall  of  rain  enabled  the  plant  to 
appropriate  the  additional  supply  of  nitrogen  from  atmospheric 
sources.  We  hold,  on  the  contrary,  that,  owing  to  climatic 
variations,  the  atmospheric  supply,  either  through  the  medium 
of  the  soil,  or  directly  to  the  plants  themselves,  or  both,  wa. 
greater  ;  therefore  the  planls  were  enabled  to  take  up  a  large= 
amount  of  minerals  from  the  soil.  And  that  this  was  so,  is,  w— 
think,  susceptible  of  proof  far  more  logical  than  the  contrar- 
supposition.    Thus  our  experiments  show — 

1st.  That  the  varying  produce  of  the  unmanured  plot  by  n= 
means  bore  any  constant  and  direct  relation  to  the  varying  amoua 
of  rain-fall  of  the  different  seasons ;  that  is  to  say,  to  the  amou~a 
of  minora}  solvent;  but  that,  on  the  contrary,  it  depended  mu< 
more  on  the  coincidence  with  a  certain  amount  of  rain- fall, 
those  conditions  of  atmosphere  as  to  temperature  and  moistur 
which  Baron  Liebig  himself  admits  must  influence  the  amoum. " 
of  fluid  passing  through  the  plant,  and  which  are  also  known 
imply  a  greater  power  in  growing  plants  to  assimilate  atrrm 
spheric  food — even  though  it  cannot  be  supposed  that  they  eflfe 
a  fjmittir  sohrirility  of  the  mineral*.    Whilst,  without  this  great: 
available  supply  of  atmospheric  nutriment,  either  to  the  roots 
to  the  leaves,  the  necessary  and  abundant  mineral  constitue*1 
in  the  soil  would  have  been  utterly  unavailing. 

2ndly.  That  a  direct  fiipply  of  soluhh  mineral  con&titu&-* 
yielded  scarcely  any  increase  over  the  unmanured  plot;  whi^ 
the  supply  of  available  nitrogen — eren  with  one  and  the  sc** 
?rf  uf  conditions  as  to  mitirral  fitipply.  rain-fall,  and  temfteraiW 
nearly  doubled  the  amount  of  produce.  That  is  to  say, 
increased  supply  of  the  normally  atmospheric  food  of  pto* 
had  a  far  greater  effect  in  enabling  the  plants  to  take  1 
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from  the  soil  and  assimilate  an  increased  amount  of  their 
necessary  mineral  constituents,  than  either  the  direct  supply  of 
the  soluble  minerals,  or  an  increased  amount  of  rain  or  mineral 
solvent. 

The  varying  produce  of  the  unmanured  plot  was  therefore,  not 
in  proportion  to  the  amount  of  soluble  or  available  soil-proper* 
constituents — that  is,  minerals — which,  even  when  existing  in  ex- 
cess, were  utterly  powerless,  unless,  either  by  climatic  variations 
or  by  direct  nitrogenous  manures,  additional  supplies  of  the  nor- 
mally atmospheric  food  of  plants  were  at  the  same  time  provided. 
True,  no  one  will  doubt  the  assertion,  that  "  had  these  consti- 
tuents not  been  present  in  the  soil,  an  increased  supply  of  carbonic 
acid  and  ammonia  from  the  air  could  not  have  had  any  effect  on 
*J*e  crop."   Such  an  assertion,  thanks  to  Baron  Liebig,  is  at  the 
present  day  a  simple  truism.    And,  we  must  here  again  remind 
the  unwary  reader,  that  the  question  between  Baron  Liebig  and 
°uraelves,  has  never  been,  whether  or  not  plants  could  grow 
without  a  due  supply  of  mineral  constituents,  but,  as  we  have 
aillply  shown  by  the  copious  quotations  given  in  the  earlier  part, 
this  paper,  Baron  Liebig  8  doctrine  has  been — and  indeed 
*naiiy  passages  in  his  new  work  would  indicate  that  it  still  is — 
that;  "  if  only  the  soil  contain  a  sufficient  supply  of  the  mineral 
*o<xJ  0f  plants,"  then  "  the  ammonia  required  for  their  develop- 
ltleHt  will  be  furnished  by  the  atmosphere  " ;  or,  as  he  now  has  it, 
^**eri  speaking  of  the  varying  produce  of  our  unmanured  plot, 
a  larger  quantity  of  these  mineral  substances  became  active  in 
#a     Salne  time,  and  the  surface  of  the  land  was  thus  enabled,  hy 
/*G  plants  growing  on  it,  to  absorb  from  the  air  one-half  more  car- 
5^*Uc  acid  and  ammonia  than  in  the  preceding  year."    We,  on 
V?e  other  hand,  maintain,  not  that  the  mineral  constituents  can  be 
^pensed  with,  but  that  in  the  ordinary  course  of  agriculture  wit  h 
^t^tion,  they  exist  relatively  to  other  constituents  in  abundance, 
that,  notwithstanding  this  abundance,  the  main  saleable  pro- 
?°e  of  the  farm,  the  cereal  grains,  are  utterly  incompetent  to 
•  l^ld  a  full  agricultural  crop,  unless  there  be  artificially  provided, 
^^hin  the  soil  itself  a  liberal  supply  of  available  nitrogen,  nor- 
mally ^e  afcmogpheric  food  of  plants.    The  question,  then,  is, 
**r*t  whether  mineral  constituents  are  essential  to  the  growth  of 
P'*Uts,  nor  whether  the  supply  of  them  in  manure  will  yield  an  in- 
^^seof  grain  pro  vided  there  be  an  excess  of  araiM tie  nitrogen  within 
te  soil — for  both  of  these  postulates  we  need  not  say  we  fully 
^^fcnt  to— but  it  is  and  has  been,  whether  or  not  a  liberal  supply* 
tk  ^e  80^n^e  mineral  constituents  of  the  cereals,  to  a  soil  suffering 
*l  ^  exhaustion  of  an  ordinary  course  of  rotation,  will  enable 
^  *^  crop  to  assimilate  in  any  practical  and  agriculturally  adequate 
^^Tree,  a  larger  amount  of  nitrogen  from  atmospheric  sources  ? 
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To  this  we  answer  in  the  negative.  And,  let  us  sab,  how  Baroa 
Liebig  seeks  to  show  that  our  experiments  contradict  the 
equivalent  assertions — "  that  the  mineral  constituents  of  wheat 
cannot  by  tJiemselves  increase  the  fertility  of  land,"  and  "  that 
the  produce  in  grain  and  straw  is  rather  proportional  to  the 
supply  of  ammonia." 

We  have  before  explained  (see  Diagram  I.),  that  plob  10 
of  our  experimental  wheat-field  was  manured  in  1844  with  a 
mixture  of  silicate  of  potass  and  superphosphate  of  lime,  and  in 
every  subsequent  year  one  portion  of  it  (10a)  received  a  very 
liberal  amount  of  ammonia  salts  only  :  the  result  being  a  very 
considerable  increase  of  produce  compared  with  the  unmanured 
plot.  This  increase,  according  to  Baron  Liebig,  is  due  to 
the— 

"  constituents  of  the  soil,  plus  560  lbs.  of  superphosphate  of  lime,  plug  220 
lbs.  of  soluble  silicate  of  potass,  plus  1960  lbs.  of  ammoniacal  salts ;  " 

And  he  goes  on  to  say — 

"  it  follows  that  the  increase  of  produce  was  by  no  means  the  effect  of  the 
ammonia  alone,  as  Mr.  Lawes  will  have  it,  but  that  the  active  mineral  con- 
stituents of  the  soil  just  mentioned  have  had  their  lull  share  in  producing 
this  effect. 

"  What,  then,  are  the  circumstances  in  which  theory  leads  us  to  anticipate 
such  an  increase  of  produce  P 
"  The  answer  will  be  found  in  my  work,  p.  134." 

We  give  the  sentence  as  it  really  does  occur  at  page  134  of 
the  fourth  edition  of  Baron  Liebig's  work,  the  portions  between 
brackets,  thus  [  ],  being  omitted  by  Baron  Liebig  in  his  quo- 
tation (Principles,  p.  109)  : — 

"  The  cereals  require  the  alkalies  and  silicates  liberated  by  the  lime,  and 
rendered  fit  for  assimilation  by  plants.  If  there  be  present  decaying  matter 
yielding  to  the  plants  carbonic  acid,  their  development  may  be  favoured  by 
this  means;  but  this  is  not  necessary.  For  if  we  furnish  to  the  soil  ammonia, 
and  to  the  cereals  the  phosphates  essential  to  their  growth  [m  the  event  of 
their  being  deficient],  we  furnish  all  the  conditions  necessary  for  a  rich  crop 
[as  the  atmosphere  forms  an  inexhaustible  magazine  of  carbonic  acid]" 

Now,  the  object  of  this  sentence  in  Baron  Liebig's  work  was 
simply  to  explain  that  the  beneficial  action  of  burnt  lime  upon 
soils  depended  upon  its  liberating  in  the  soil,  the  "  alkalies  and 
silicates  "  which  the  cereals  require,  and  that,  as  the  amount  of 
humus  must  thereby  be  lessened,  it  was  obvious  that,  in  the 
event  of  other  constituents  not  being  deficient,  the  plants  were 
enabled  to  rely  upon  the  atmosphere  as  an  inexhaustible  magazine 
of  carbonic  acid.  Whether  or  not  Baron  Liebig's  "  Theory,"  as 
amply  developed  in  entire  chapters  of  the  same  work,  as  well  as 
in  other  writings,  is  properly  represented  by  this  individual  and 
mutilated  sentence,  the  reader  will  judge  for  himself,  from  the 
evidence  we  have  adduced  as  to  what  that  theory  really  was. 
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But  can  the  increase  of  produce  of  plot  10a  over  the  unmanured 
plot  be  attributed  to  the  efficacy  of  the  mineral  constituents 
supplied  in  the  first  year,  in  the  sense  in  which  Baron  Liebig 
attributes  efficacy  to  soluble  mineral  manures ;  namely,  as  in- 
creasing the  assimilation  of  nitrogen  from  atmospheric  sources  ? 

Diagram  I.  shows  that  the  minerals  alone  (superphosphate  of 
lime  and  silicate  of  potass),  which  were  employed  in  1844,  gave 
only  77  lbs.  more  produce  than  the  unmanured  plot. 

In  1845,  a  liberal  supply  of  ammonia  salts  alone,  to  this  plot 
10,  on  which  soluble  minerals  alone  had  given  scarcely  any 
increase  in  the  previous  year,  increased  the  produce  over  that  of 
the  unmanured  plot  by  more  than  2000  lbs. 

In  the  third  year  (1846),  this  plot  10  was  divided  into  two 
equal  portions.  One-half  (10a)  again  received  ammonia  salts 
alone,  and  the  other  (10ft)  no  manure  at  all. 

Now  surely,  if  the  soluble  minerals  supplied  in  the  first  year, 
are  to  have  so  much  of  the  credit  of  the  increase  of  crop  during 
the  seven  years,  and  if,  with  "  a  sufficient  supply  of  the  mineral 
food  of  plants,"  .  .  .  "  the  ammonia  required  for  their  develop- 
ment will  be  furnished  by  the  atmosphere,"  surely,  upon  these  sup- 
positions, we  ought  to  get  some  increase  of  produce  over  the  con- 
tinuously unmanured  plot,  on  plot  10ft,  in  this  third  year  (1846)  ; 
when,  having  had,  but  two  years  previously,  this  supposed  very 
efficient  supply  of  minerals,  it  is  now  left  unmanured.  The  fact 
is,  however,  that  in  1846  the  continuously  unmanured  plot  gave 
2720  lbs.  of  total  produce,  and  plot  10ft  only  2671  lbs. !— though 
10a,  where  ammonia  salts  were  again  applied,  gave  4094  lbs. ! 
The  result  is,  then,  that  plot  10ft,  with  minerals  in  1844,  ammonia 
in  1845,  and  no  manure  at  all  in  1846,  gave  even  rather  less 
produce  than  plot  3  (the  continuously  unmanured  plot),  which  had 
had  no  supply  of  minerals  at  all.  How,  we  would  ask,  are  these 
facts  consistent  with  attributing  the  increased  produce  during  the 
seven  years  on  plot  10a  "  to  the  one  only  constant  value  which  ope- 
rated "  in  the  experiments — "  that  is,  to  the  total  sum  of  the  avail- 
able or  soluble  nutritive  mineral  constituents  present  in  the 
foil "  ?  The  obvious  truth  is,  that  however  liberal  the  supply  of 
minerals  in  the  soil,  they  were  utterly  incompetent  to  yield 
any  agriculturally  adequate  increase  of  produce  of  wheat,  unless 
accompanied  by  an  artificial  supply  of  available  nitrogen  within 
the  soil ;  and  this  being  so,  we  would  ask — Was  not  the  produce 
"  rather  proportional  to  the  supply  of  ammonia  "  ? 

In  1847,  plots  10a  and  10ft  both  received  equal  amounts  of 
ammonia-salts  alone,  and  gave  nearly  identical  amounts  of  pro- 
dace,  and  half  as  much  again  as  the  unmanured  plot. 

In  1848,  the  produce  of  the  unmanured  plot  was  2664  lbs. ; 
that  of  10a,  with  ammonia  salts  only,  for  the  fourth  year^ 
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3701  lbs. ;  but  10b,  with  minerals  and  ammonia,  gave 
Here,  then — after  growing  wheat  successively  year  afle 
means  of  very  large  amounts  of  ammonia-salts,  upon 
viously  exhausted  by  a  heavy  course  of  cropping — we  find 
effect  from  the  admixture  of  minerals  with  a  further  d 
ammonia.  But  is  this  action  of  minerals  in  rendering 
an  excessive  supply  of  ammonia  in  the  soil,  after  such  a 
mineral  exhaustion  as  never  happens  in  the  ordinary 
farming  with  rotation — is  this  the  action  still  insisted 
Baron  Liebig,  namely,  that  of  enabling  the  surface  of 
44  by  the  plants  growing  on  it,  to  absorb  from  the  air* 
amount  of  carbonic  acid  and  ammonia  ? 

In  1849,  both  plots  (10a  and  106)  were  again  supj 
equal  quantities  of  ammonia-salts  alone,  and  both  gave  i 
2000  lbs.  increase  over  the  un manured  plot ;  whilst  107 
liberal  supply  of  minerals  the  year  before,  only  gav< 
more  than  10a. 

In  1850,  ammonia  salts  alone  on  10a  again  gave  r 
2000  lbs.  of  increase ;  but  106,  to  which  minerals  wc 
— this  time  without  ammonia — gave  only  399  lbs.  of  i 
produce,  this  slight  amount  being  chiefly  due  to  a  sma! 
of  ammonia  remaining  in  the  soil  from  the  high  an 
manuring  of  the  previous  years. 

That  the  minerals  employed  in  106,  though  yielc 
399  lbs.  of  increase,  still  practically  exhausted  the  soil 
mediately  available  supplied  ammonia  is  obvious  from  t 
of  the  next  two  years  (1851-2).     Thus,  with  a  large  a 
supply  of  ammonia-salts  only  to  both  plots  (10a  and  10? 
two  years,  we  have  almost  identically  the  same  amount  o 
on  the  former  as  on  the  latter;  although  106  had 
twice  received  a  liberal  supply  of  minerals,  which 
withheld  from  10a,  but  had  also  given  a  less  gross  total 
reckoning  from  the  commencement  of  the  experiment. 

From  this  time — although  the  continued  applicatio 
monia-salts  only  on  10a,  gave  in  the  ninth  year  an  ii 
919  lbs. ;  in  the  tenth,  of  2312  lbs.  ;  and  in  the  ek 
937  lbs.  of  corn  and  straw — the  employment  on  106  of 
in  addition  to  the  excessive  amount  of  ammonia,  produ< 
further  increase. 

What,  then,  is  the  general  result  of  these  expc 
Excluding  the  first  year,  in  which  the  plots  10a  and 
received  mineral  manure  without  yielding  any  practica 
of  increase,  it  is  as  follows : — On  the  average  of  elevei 
the  continuous  growth  of  wheat,  the  unmanured  plot  ga 
annual  produce  (corn  and  straw)  of  2856  lbs. ;  plot  ' 
eleven  years  of  ammonia  salts  alone,  gave  4534  11 
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an  increase  over  the  unman ured  plot  of  1678  lbs. ;  and  plot  10ft, 
with  nine  years  of  ammonia  salts  and  two  years  of  minerals, 
gave  an  annual  average  of  4642  lbs.  of  total  produce,  and  of 
1786  lbs.  of  increase.    That  is  to  say,  plot  10b  has  only  given 
during  these  eleven  years,  an  annual  increase  of  108  lbs.  more 
total  produce  than  plot  10a,  although  during  this  period  it  re- 
ceived considerably  more  than  ten  times  as  much  of  all  the 
more  important  mineral  constituents,  except  silica,  as  would  be 
omtained  in  the  total  increase  in  the  eleven  years,  of  10b  over 
10a !    In  fact,  all  that  this  mineral  supply  has  done,  has  been 
to  render  efficient  that  amount  of  ammonia,  which  was  added 
*n  excess  of  the  annually  available  supply  of  minerals  from  the 
soil  itself. 

But  in  Diagram  II.  (p.  31),  we  have  even  a  more  striking 
answer  still,  to  the  assertion  that  in  our  experiments  the  whole 
produce  is  proportional  "  to  the  total  sum  of  the  available  or 
sol^hle  nutritive  mineral  constituents  present  in  the  soil."    The  pro- 
lix c^e  of  two  plots  (17  and  18)  is  here  compared  with  that  of  the 
°°x*tinuou8ly  unmanured  plot.    The  results  extend  over  a  period 
°^  etix  years,  namely,  1850  to  1855  inclusive.    As  before,  the 
**r*''*nanured  space  is  uncoloured ;  mineral  manures  are  represented 
y   Hue ;  ammonia-salts  only  by  yellow ;  and  the  mixture  of  both 
9rt'*s**erals  and  ammonia  by  green. 

m  It  should  be  mentioned,  that  the  plots  (17  and  18)  had,  pre- 
^^lasly  to  1850,  been  manured  somewhat  similarly  since  the 
°°^*imencement  of  the  experiment  in  1844.  They  had  generally 
^^^^ived  a  liberal  supply  of  minerals  and  of  nitrogenous  matter 
^■^O;  plot  17  having  had  upon  the  whole  rather  more  nitrogen 
%uX*plied  to  it  than  plot  18. 

Xn  1850,  both  plots  (17  and  18)  received  a  large  amount  both 
*  Soluble  minerals  and  of  ammonia-salts,  and  they  each  gave 
TV^^rly  a  ton  and  a  half  more  produce  than  the  unmanured  plot ; 
.  ***>ugh  plot  17,  which  had  been  rather  the  most  highly  manured 
^**>ughout  the  previous  years,  gave  rather  more  produce  than 
Wot  18. 

In  1851,  plot  17  received  the  same  amount  of  minerals  and 
5***monia  as  previously,  and  gave  2905  lbs.  of  increased  produce. 

*ot  18  received  no  minerals,  but  the  same  amount  of  ammonia 
^  plot  17,  and  the  result  is  nearly  as  much  increase,  that  is, 
4S€4  lbs.  instead  of  2905  lbs. 

^  In  1852,  plot  17,  which  had  minerals  and  ammonia  the  year 
**^ore,  has  now  only  ammonia ;  and  plot  18,  which  had  am- 
monia only  in  the  previous  year,  has  now  only  minerals.  The 
*^iilt  is,  that  the  ammonia  plot  (17)  gives  541 8  lbs.  of  produce, 
^  2691  lbs.  of  increase  ;  whilst  the  mineral  plot  (18)  gives  only 
2*>20  Ihs.  total  produce=cnly  163  lbs.  increase. 
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In  1853.  the  plot  which  had  previously  ammonia  only,  has  now- 
only  minerals ;  and  the  one  which  had  minerals  only,  has  now 
only  ammonia.  And  we  have  again  with  the  ammonia  1773  lbs. 
of  produce  =  300 1  lbs.  increase;  and  with  the  minerals  onl; 
2533  lbs.  of  produce  =  761  lbs.  of  increase. 

In  185 4,  the  manures  are  again  transposed ;  and  this  beinj 
a  very  favourable  season,  we  have,  with  the  ammonia,  7923  lbi 


of  produce  =1427  lbs.  of  increase,  or  nearly  2  tons;  and  wit"  T~ 
the  minerals  only,  3915  lbs.  of  produce  =  11 9  lbs.  of  increases,  . 

or  more  than  UH)()  ths.  per  acre  less  i /u  rease  t/um  with  the  ammom  L_  ^ 
,*<///*. 

Lastly,  in  1855,  the  manures  being  again  transposed,  so  ale  ^ 

is  the  relation  of  produce  on  the  two  plots — the  ammonia  pi* 
giving  0265  lbs.  of  produce =3-J*05  lbs.  of  increase;  and 
mineral  plot  only  3059  lbs.  of  produce=199  lbs.  of  increase. 

Tracing  the  history  of  each  plot  separately,  the  increase  ol=- 
the  tnima.-iuiri'J  plot  is  as  follows: — Plot  17,  with  minerals  a mn^*l 
ammonia,  in  1850,  3332  lbs. ;  with  the  same  in  1851,  2905  lb»  _ 
with  ammonia  only  in  1852,  2691  lbs.;  with  minerals  only  in 
1 853,  76  1  lbs.  ;  with  ammonia  only  in  185 1,  4427  lbs. ;  and  w  i  "Cr  h 
minerals  only  in  1 855,  1 99  lbs,  of  increase.    Plot  1 8  again,  w  i  li 
minerals  and  ammonia  in  the  first  year,  gives  3054  lbs.;  w-i*t"h 
ammonia  only  in  the  second  year,  2864  lbs.;  with  miner«-^ 
only  in  the  third  year,  163  lbs.;  with  ammonia  only  in  "fi.Iie 
fourth  year,  3001  lbs.  ;  with  minerals  only  in  the  fifth  y*^**rt 
419  lbs.  ;  and  with  ammonia  only  in  the  sixth  year,  3405  l^s- 
of  increase,  in  each  case,  over  the  unmanured  plot. 

We  ask  then,  do  these  results  either  contradict  the  assertion*  8> 
"  that  the  mineral  constituents  of  wheat  cannot  by  tliemsef 9 ~fs 
increase  the  fertility  of  land/'  and  "  that  the  produce,  in  gtr**311 
and  straw,  is  rather  projiurtional  to  the  supply  of 'ammonia" ? — — 
do  they  *•  pro  re"  what  we  "intended  to  disprove*'  namely,  trt*^ 
the  whole  produce  is  proportional  "to  the  total  sum  of  **'^e 
available  (>r  solul>h>  nutritive  mineral  constituent  preneui  in 
soil  M  ? 

What  the  "  Mineral  Theory"  of  Baron  Liebig,  as  develol*^ 
in  his  previous  writings,  really  was — how  that  theory 
understood  by  others   as  well   as  ourselves — and  how  iu^^T, 
pendent,  according  to  it,  our  cultivated  plants  should  h&  5* 
available  nitrogen  supplied  to  the  soil,  if  only  they  are  liber^J  ' 
provided  with  their  necessary  mineral  constituents — the 
is  by  this  time  fully  aware.     He   has   also  seen,  that 
passages  and  arguments  in  Baron  Liebig's  recently  publish 
"Principle:*  this  identical  "Mineral  Theory"  is  still  in**11" 
rained  ;  and  also,  how  strenuously  he  has  endeavoured  to  gh^y* 
that  the  increase  of  produce  in  our  experiments  was  due,  not- 
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»  efficacy  of  the  ammoniacal  ealts  employed,  but  a  to  the  total 
xi  of  the  available  or  soluble  nutritive  mineral  constituents 
went  in  the  8oil.,,  But  now  for  the  other  side  of  the  question  ! 
Besides  stating,  as  already  pointed  out — and  in  spite  of  his 
£thened  argument  and  summing  up  to  the  contrary — that  the 
xease  we  obtained  by  manuring  with  ammoniacal  salts  alone, 
s  only  what  theory  plainly  predicted,  he  says — 

:  When  we  remember  that  it  is  the  object  of  scientific  research  to  discover 
cause  of  the  efficacy  of  ammoniacal  salts,  we  must  not  forget,  in  our  in- 
ries,  that  the  increase  of  produce,  obtained  by  the  use  of  these  salts,  is  to  be 
&rded  in  itself  as  a  firmly  established  fact,  which  can  in  no  way  be  affected 
the  views  we  may  entertain  as  to  its  cause." — Principles,  p.  98. 

tie  efficacy  of  ammoniacal  salts  in  yielding  an  increase  of 
kJucc,  not  only  in  our  own  experiments,  but  as  a  "firmly- 
xhlished  fact  "  is  now  then  fully  admitted.  And  as  it  was 
possible,  in  the  face  not  only  of  our  own  particular  experi- 
xite,  but  of  now  generally  recorded  experience,  to  avoid  this 
mission  in  some  form,  how  is  it  that  Baron  Liebig  brings  this 
ult  into  consistency  with  the  theory  which  supposes  the 
Tease  to  be  proportional  to  the  soluble  minerals  present 
bhe  soil  ?  We  could  blush  for  Baron  Liebig  as  we  quote  his 
rds  :— 

In  these  experiments,  three  portions  of  land  were  each  manured,  for 
*a  years,  with  mineral  manure  (mineral  constituents  of  the  soil  and 
toniacal  salts)  w 

*3  again,  in  the  same  page — 

'  follows  from  this,  that  farm-yard  or  stable  manure  can  be  replaced  in 
**tiire  effect  by  mineral  manure ;  and  not  only  replaced,  for  it  can  be,  by 
*ue  of  mineral  substances  alone  {sulphate  of  ammonia  and  sal-ammoniac 
mineral),  surpassed  in  its  fullest  efficacy." — Principles,  p.  00. 

tlins  then  a  ammoniacal-salts,"  "  sulphate  of  ammonia,  and 
-ammoniac,"  are  to  be  classed  as  mineral  manures !  This  is  in- 
*l  begging  the  whole  question !  But  a  manoeuvre  so  transparent 
this,  would  not  even  require  notice,  were  it  only  addressed  to 

*  scientific  reader.  As  it  is,  however,  it  is  necessary  to  remind 
»  uninitiated  or  unwary,  that  throughout  the  discussions  on 
1  subject  of  agricultural  chemisty  during  the  last  ten  or  a 
sen  years,  the  term  "  mineral  manure "  has  acquired  an  entirely 
hnical  significance,  and  that  it  has  been  employed  to  designate 
«e  constituents  which,  when  assimilated  by  the  plant,  would 
*sin  as  ash  after  its  incineration ;  and  it  has  been  used,  empha- 
*lly  to  distinguish  such  constituents  of  plants  or  manures,  from 

*  combustible  or  volatile  portions — that  is,  from  the  nitrogenous 
ammoniacal,  the  carbonaceous,  &c.  Indeed,  we  need  not  go 
'  to  establish,  from  the  words  of  Baron  Liebig  himself,  the 
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cognised  distinction,  in  aarieultural  discussions,  between  the 
nns  mineral,  and  ammonia  or  ammoniaeul.    Thus  he  says: — 

"  The  mineral  constituents  net,  as  is  shown  by  the  produce  of  the  uo- 
jauured  land,  without  any  artiticial  supply  of  ammonia, 

*'  The  ammonia  increases  the  produce  only  if  the  mineral  constituents  be  « 
present  in  the  soil  in  due  quantity  aud  in  an  available  form." 

"  Ammonia  is  without  effect  if  the  mineral  constituents  are  wanting.  Oon-   

sequent  ly,  the  action  of  ammonia  is  limited  to  the  acceleration  of  the  action 
of  the  mineral  constituents  in  a  given  time." — Principles,  pp.  86,  87. 

"...  The  other  is  the  action  of  sulphate  of  ammonia  as  a  solvent  fun»  * 
certain  important  mineral  constituents  of  the  soil.'* — lb.  p.  9l>. 

•*  Ammonia,  when  used  as  a  manure  alone,  and  when  there  is  a  want  o^^^j 
mineral  constituents  in  the  soil,  is  like  the  spirits  which  the  labourer  takes,  irm:  ^ 
order  to  increase  his  available  labour,  power,  or  imagination." — lb,  p.  106. 

It  is  needless  to  multiply  quotations.    The  ruse  has  not,  ho* — ». 
ever,  been  entirely  without  success.    For  in  public  discussio  — n 
of  the  subject  at  the  late  Meeting  of  the  British  Association^!, 
before  Huron  Liebig  himself,  one  of  his  advocates  stated,  th^zti 
the  difference  between  Baron  Liebig  and  ourselves  rested  main  '■y 
on  a  misunderstanding — on  a  different  use  of  nomenclature — f^or 
"  sails       ammonia,  are  mineral  manures"!    This  method  of 
begging  the  whole  question  was,  however,  we  were  glad  to  fim^d, 
ent  irely  disallowed  by  mutual  friends  of  Baron  Liebig  and  olm.  r- 
selves  with  whom  we  conversed  on  the  subject;  and  we  are 
glivd  to  find,  that  writers  of  the  agricultural  press  have  a»l&o 
expressed  their  sense  of  this  manoeuvre.    Thus,  in  an  aTi*l© 
article  on  this  discussion  in  the  "North  British  Agriculturist;  * 
(Nov.  7,  1855),  the  writer  says — % 4  Neither  can  we  think  kfci**1 
justified  in  claiming  sulphate  of  ammonia,  and  sal-ammoniac-  & 
vrineral  substances  ('  Principles,'  p.  90),  which  is  simply  heyy***! 
the.  irhoU  i [a est ia it  at  issue" 

But  Baron  Liebig  has  yet  another  way  of  claiming  the  nec**€ 
s:irily  admitted  action  of  ammoniacal  salts,  as  one  of  miner&& 
Thus  he  says  : — 

"  Now,  since  sulphate  of  ammonia  and  sal-ammoniac,  in  the  same  w*or 
carbrnic  acid,  increase  the  solvent  power  of  water  for  these  essential  infrredi^r 
of  the  food  of  plants,  the  question  at  once  arises,  whether  their  good  eff^ 
may  not  depend  in  great  part  on  this  property,  and  whether,  in  the  exp* 
inputs  of  Mr.  Lawes,  the  whole  effect  of  the  ammoniacal  salts  do  not  coo* 
of  two  actions,  namely,  that  of  ammonia,  as  food  for  plants,  as  a  noiirce 
nitrogen,  and  that  of  its  s*lts  as  replaciug  cavbonic  acid  r  The  answer  to  * 
question  may  serve  to  reduce  to  its  real  value  the  assertion  of  Mr.  I^awes  C 
xii.  p.  24),  •  that  it  would  be  much  nearer  the  truth  to  say  that  the  crop 
risen  and  fallen  in  proportion  to  the  diminution  or  increase  of  the  amnx 
supplied  to  it  in  manure."' — Principles,  p.  01-2. 

"  But  if,  on  the  contrary,  only  a  small  part  of  the  ammonia  acted  bf 
nutritive  property,  and  by  far  the  greater  part  by  its  solvent  power  for; 
phates  and  tilicatex,  its  action  is  explained  in  a  more  satisfactory  niannei 
in  tuis  case  the  effect  is  proportional  to  the  quantity  of  water  which  en 
iIih  plants,  hiiiI  was  given  off  by  evaporation  from  their  surface,  the  sc 
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*>wer  of  thU  water  for  these  substances  having  been  increased  by  the  am- 
aoniacal  salts.  The  effect  of  the  earthy  phosphates  and  of  the  soluble  silicates 
epends  on  the  quantity  of  them  in  the  soil ;  their  Affect  in  a  given  time  is 
roportional  to  toe  quantity  which  enters  the  plant  in  that  time.  This  again 
3  proportional  to  the  degree  of  their  solubility  in  rain-water,  and  to  the  amount 
f  rain-water  absorbed  by  the  plant." 

"  Both  properties — that  of  ammonia  as  a  nutritive  agent,  or  source  of 
litrogen,  and  that  of  the  ammoniacal  salts  as  solvents — have  certainly  co- 
operated to  give  the  increased  produce ;  for  since  the  total  produce,  28,431  lbs. 
>f  grain  and  straw,  of  the  lot  manured  with  ammoniacal  salt*,  was  to  that  of 
lie  unman ured  land,  18,122  lbs.  grain  and  straw,  as  three  to  two,  and  con- 
equentlv  the  excess  of  the  former  was  equal  to  half  the  amount  of  the  latter, 
it  is  evident  that  this  excess  must  have  contained  exactly  as  much  silicate  of 
potass  and  phosphates  as  existed  in  one- half  the  crop  of  the  unmanured  land. 
Now,  since  ammonia  cannot  replace  these  essential  constituents  of  the  wheat- 
plant,  it  follows,  that,  by  the  agency  of  the  ammoniacal  salts,  this  entire 
additional  quantity  of  mineral  constituents  was  rendered  soluble  and  avail- 
able for  the  plant.  These  salts  have  enabled  the  rain-water,  in  equal  volume, 
to  dissolve  and  carry  into  the  plant,  in  the  same  time,  one-half  more  of  these 
aubetances  than  was  yielded,  without  ammoniacal  salts,  by  the  unmanured 
lind."— ift,pp.  99^101. 

We  are  here  told,  then — in  March,  1855 — that  the  efficacy  of 
the  salts  of  ammonia  in  our  experiments  is  to  be  attributed  in  a 
great  measure  to  their  solvent  action  on  the  phosphates  and  silicates 
of  the  soil ;  the  increase  of  produce  being  greatly  due  to  the 
consequently  increased  supply  of  these  minerals  to  the  plant. 

reader  will  imagine  therefore  our  astonishment,  when,  in 
September  of  the  same  year,  we  heard  Baron  Liebig  in  the  public 
discussion  of  our  experiments,  energetically  maintain,  that  the 
Presence  in  the  soil  of  ammonia  and  its  salts  must  reduce  tlie 
totubility  of  the  silicates  t  We  have  since  found,  that  he  had  then 
IJ^^dy  published  two  papers  in  Germany,  in  the  course  of  which 
J?  sought  to  establish  the  latter  view.  We  are  not  disposed  to 
^Pute  the  probable  truth  of  this  amended  conclusion.  For,  in 
?P^Hment8  instituted  with  the  view  of  testing  the  probability  of 
^*X>H'  Liebig's  previous  assumption,  we  had  found  that  water 
■^tfcining  salts  of  ammonia,  when  percolated  through  a  given 
of  soil,  dissolved  less  silica  than  pure  water  so  percolated. 

*  th6  same  time,  however,  we  must  say,  that  we  cannot  admit 
2?  ^gitimacy  of  deductions  from  experiments  made  upon  pure 
yCQtes  out  of  the  soil,  as  to  what  would  happen  under  the  com- 

.p^ted  and  little  understood  chemical  conditions  of  cultivated 
toil* 

At  any  rate,  however,  we  must  conclude,  that  Baron  Liebig's 
*Planation  of  the  efficacy  of  ammonia-salts  in  our  experiments, 
J?  as  it  supposed  an  increased  supply  to  the  plant  of  silica — 
^  characteristic  mineral  constituent  of  the  crops  to  which 
^****ionia  as  a  manure  is  peculiarly  adapted — is  now  abandoned ! 
^ut  what  of  the  phosphates  ?  We  will  neither  assert  nor  deny, 
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that  these  important  mineral  constituents  maybe  rendered  more 
soluble  in  the  soil,  in  a  given  amount  of  water,  provided  this 
water  contain  ammonia  salts.    But,  whether  or  not  the  increase  -^ae 
in  the  produce  of  grain  and  straw  in  our  experiments,  was  in  any 
important  degree-  due  to  this  cause,  is  quite  another  question.      _  7. 
Tpon  this  point  some  opinion  may  be  formed  from  the  following  ^-^g 
considerations:-  - 

How  is  it,  we  would  ask — if,  in  the  experiments  where  -=^e 
ammonia-salts  alone  were  employed  for  a  series  of  years,  "ouly  ""V^r 
a  small  part  of  the  ammonia  acted  by  its  nutritive  property,  and 

by  far  Ihe  greater  part  by  its  solvent  power  for  phosphates"  

how  is  it,  we  would  ask,  if  this  were  the  case,  that  the  addition^s^n 
of  a  very  much  larger  dinvt  supply  of  phosphates  than  the  increas^^e 
of  crop  could  require,  indeed  in  an  amount  and  in  such  a  fonn-«-*i 
of  easy  solubility  as  to  yield  extraordinary  results  with  Rom^=a* 
other  crops  than  the  cereals,  should,  with  the  latter,  when  ua 
without  ammonia,  give  scarcely  any  increase  whatever  ?  In 
other  words,  are  we  to  suppose  a  greater  amount  of  phosphates 
to  be  rendered  soluble  from  the  stores  of  the  soil  itself,  by  th« 
solvent  action  of  the  ammonia-salts  employed,  than  by  the  direc 
vac,  in  an  rttsily  soluble  firm-,  of  many  times  more  phosphates  thai 
the  increase  of  crop  could  require  ?  On  this  point  we  may  state 
that  the  increase  of  produce  on  plot.  10a  contained  an  annua 
average  of  f>  to  7  lbs.  of  phosphoric  acid  ;  whilst  ten  times  tha 
amount  was  the  general  dose  of  that  acid  supplied  to  the  soil  ir 
our  experiments  when  mineral  manures  were  employed — a  lar 
part  of  it  existing,  when  added  to  the  soil,  in  that  form  of  ea«; 
solubility  as  superphosphate  of  lime,  which  is  found  so  efficient 
for  other  crops  than  the  cereals,  the  remainder  existing  as  ver 
finely  powdered  earthy  phosphate. 

Would  it  not  be  both  more  candid  and  more  consistent,  inste 
of  thus  wrestling  to  the  last  to  maintain  the  shadow  of  an  obvr"  ' 
ously  half-abandoned  theory,  to  attribute  the  increased  assimils 
tion  of  minerals  on  a  given  space  of  ground,  which  is  necessaril^E^  ^ 
incident  to  an  increase  of  crop,  rather  to  a  multiplication  of  th 
feeders  of  the  plants,  and  an  increased  vigour  of  growth  undc^ 
the  influence  of  nitrogenous  supply,  which,  by  virtue  of  th  mmt- 
larger  amount  of  soil-solution  which  must  be  absorbed,  enabl^^ 
them  to  take  up  with  it  more  of  those  minerals  which  wer 
obviously  neither  wanting  nor  insoluble;  although  they  cann^- 
be  assimilated  by  the  cereals  beyond  a  limited  amount  (varyir 
with  atmospheric  supplies),  unless  nitrogen  in  an  available  foi 
be  at  the  same  time  provided  within  the  soil  itself? 

We  proceed  next  to  show  how,  the  effects  of  available  nitr 
supplied  to  the  soil  being  necessarily  admitted,  the  fact  of 
being  thereby  enabled  to  yield  an  increase  of  produce,  is  not  *° 
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lie  considered  as  an  increase  of  fertility;  and  the  farmer  is 
therefore  to  be  cautious  how  he  adopts  any  such  ruinous  means  of 
raising  the  produce  of  his  land.    Baron  Liebig  says : — 

"  In  that  work  of  mine  I  have  fully  explained  that  the  idea  of  fertility  in  a 
a*oil,  essentially  comprises  that  of  the  continuance  and  duration  of  the  crops. 

one  regards  as  fertile  land  such  as,  without  manure,  hears  good  crops  for  a 
J|»r  or  two,  and  no  more.  In  this  point  of  view,  the  fertility  of  a  soil  is  in 
3ir*ct  proportion  to  the  conditions  of  fertility  present  in  it;  that  is,  to  the 
***neral  substances  which  are  necessary  for  the  nutrition  of  plants." — Prin- 
«-*pfet,  p.  75-6. 

11  If  we  manure  the  same  land  with  8  cwt.  of  ammoniacal  salts,  we  shall 
I**?*,  in  one  year,  a  crop  one-half  heavier  than  on  the  unmanured  land ;  we 
mhiii  obtain  annually  one-and-half  crops,  or,  in  eight  years,  the  produce  of 
*  ^elve  average  crops.  That  is  to  say,  the  soil  will  have  lost,  in  eight  years,  as 
much  mineral  matter  as  it  would  have  lost  in  twelve  years  without  ammoniacal 
*aJte ;  it  will  therefore  be  exhausted,  or  become  unfruitful  for  wheat,  four 
.years  sooner  than  if  no  ammoniacal  salts  had  been  used. 

**  I  hold,  therefore,  that  which  in  my  work  I  have  endeavoured  so  fully 
***Hi  minutely  to  explain,  that,  in  reference  to  the  exhaustion  of  the  soil, 
f****»«09ua  or  ammoniacal  salts,  used  alone,  are  the  kinds  of  manure  which 
1XK1I>overish  a  soil,  or  in  other  words,  consume  the  capital  of  the  land,  the  most 
*M>iciiy. 

.  "In  one  case  only  does  the  fertility  of  the  soil  manured  with  ammonia,  or 
l*^^alts,  maintain  itself,  namely,  when  these  are  accompanied  by  the  mineral 
**^tancee  which  are  annually  removed  in  the  crops.  These  may  be  restored 
**t;ia w  Qy  annually  adding  as  much  as  is  removed,  or  by  adding  after  the  fifth 
a  live-fold  quantity  of  them.  If  this  be  once  omitted,  the  effect  must 
^one  perceptible  in  a  series  of  years. 

j***  The  rational  agriculturist  must  not  believe,  that  he  can  remove  from  a  rich 
^*"fcile  soil,  without  any  compensation  whatever,  a  part  of  its  constituents,  aod 

by  so  doing,  sooner  or  later  impair  its  fertility ;  for  this  fertility,  or  the 
^°«iuce  in  a  given  time,  is  the  effect  of  the  whole  sum  of  the  actions  of  all  its 
I^^^tituents ;  not  only  of  that  portion  of  them,  which  has  entered  the  plants, 

also  of  the  rest  of  the  available  supply,  which  is  left  in  the  soil.  The 
J*** We  supply,  or  sum,  has  produced  this  result,  namely,  that  the  roots  found 
^T^*7where  their  necessary  food ;  and  if  we  remove  a  part  of  the  whole  supply 
these  constituents,  then  the  roots  will  no  longer  find  their  proper  food  in 

j*rt  of  the  soil  where  they  are  wanting. 

Let  us  only  suppose  that  during  the  last  few  centuries  our  ancestors  had 
JSJ^d  on  the  principles  here  laid  down,  in  their  full  extent  and  strictness ; 
**^t  a  paradise  of  fertility  would  England  be  at  this  day  I lb.,  p.  81-3. 

"Vfe  must  here  first  notice  the  running  insinuation  in  these 
*^^^sages,  that  we  would  recommend  as  a  practice  for  adoption  in 
?^S>nculture  generally,  the  continuous  growth  of  corn  by  means  of 
****ogenous  manures,  without  any  other  return  to  the  land.  It 
^    only  to  those  who  have  never  read  our  Papers,  that  it  is 
^^^oessary  to  say,  that  a  more  incorrect  impression  of  our  views 
°°vild  not  possibly  be  given  than  that  which  is  herein  implied ; 
which  is  more  plainly,  if  not  more  courteously,  expressed 
the  following  sentence  : — 

%    "*  It  is  not  easy  to  understand  how  Mr.  Lawes  could  deduce  from  his  results 
conclusion  *  that  nitrogtnised  manures  are  peculiarly  adapted  for  the  cut* 
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tnrv  of  wheat?  mhcc  such  manures  can  only  produce  a  favourable  result 
certain  prt  limimtnj  condition*,  which  Mr,  Lawes  has  entirely  difrtganlet 
be  iultilUvl.   There  could  hardly  bo  made  an  assertion  better  calculated  t 
mislead  the  practical  farmer." — lb.,  p.  7ih 

To  meet  these  gratuitous  statements  from  such  a  quarter,  it  -  ^ 
necessary  to  repeat,  then,  that  the  whole  of  our  recommendatioi 
to  the  farmer  in  this  matter,  have  been  repeatedly  and  elaboratel^HL 
defined,  to  apply  to  agriculture  as  generally  practised  in  th  . 
country,  that  is  to  say,  agriculture  a*s  it  is — the  <k  preliminary  coi — — 
ditions which  we  have  supposed  being,  a  cultivated  so?7,  and  -a 
rotation  of  crojts.   And  what,  then,  does  a  rotation  of  crops  in  th.  "^E- 
country  involve  ?   It  involves  the  growth  of  root  and  other  fallow 
crops ;  t  he  growth  of  these  involves  the  feeding  of  animals  on  tfe.  _m 
farm  ;  the  feeding  of  animals  on  the  farm  involves  the  productic- ^  ti 
of  home  manure  ;  and  the  production  of  home  manure  in  vol  v 
the  i%  frclim  Inary  condition"  of  a  periodical  return  from  the  c-fc=~- 
sources  within-  the  farm  itself]  of  a  large  proportion  of  the  inineKT-^^I 
constituents  which  have  been  removed  from  the  land  in  the  cro£^> 
Into  all  this  we  have  gone  with  considerable  detail,  again,  a"r~»-  J 
again; — as  well  on  the  assumption  of  there  being,  as  of  tht*^^ 
not  being,  a  certain  amount  of  imported  constituents  to  be  furtLm  ^=^r 
taken  into  the  calculation.    With  this  explanation  we  will  ag«-  n 
apply  to  Baron  Liebig  his  own  words: — u  It  is  not  diffict**  ^ 
to  refute  the  opinions  of  another  if  we  ascribe  to  him  assertion"15 
which  he  lias  never  made." ! 

lint  now  for  the  assertion  that  fertility  is  almost  exclusively 
referable  to  the  mineral  richness  of  the  soil.    True,  there  c-s^n 
be  no  fertility  -without  a  liberal  provision  of  minerals;  T> 
what,  we  would  ask,  is  the  use  to  the  practical  farmer  of  inr*i^" 
taming  his  land  in  a  condition  of  so-called    fertility  "  whi*^ 
without  the  (t//<tifin,t  of  fi<oio>thin*i  eke,  will  yield  him  no  incr^ai*p£5e 
of  produce  whatever?    What,  we  would  ask,  is  the  use  to  "t:^16 
fanner,  of  a  merely  latent  or  referred  capability  of  product i^*^ 
if  this  latent  capability  be  not  brought  out  into  activity  and  ie^r^  ' 
And  it  is  undoubtedly  true,  that  in  agriculture  generally,  x*Tx 
rotation,  there  is  a  considerable  accumulation  of  this  latent  or 
served  capability  of  production,  which  cannot  be  brought 
activity  and  u.se  for  the  increased  growth  of  the  main  saleable  r"°" 
ducts  of  the  farm — the  cereal  grains — without  the  accumulate 
u-ifh  in  th v  soil  itself  of  ava Halite  fn  itrorjen.  Again,  experience  sho 
that  by  the  pr<  >duct  ion  of  grain,  the  stores  of  available  nitrogen  wi£  **  j 
the  soil  are  far  sooner  exhausted  or  brought  down  to  an  anr-*1*' 
in  illinium,  than  those  of  the  minerals.   How  much  more  stron 
th»*n,  to  be  consistent,  should  the  argument  be  applied  ag»*f,.V 
the  exhaustion  of  the  land  of  its  arailahle  nitrogen  !    And  sho** 
not  Baron  Liebig,  in  obedience  to  his  own  principle  of 
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^lustion,  precisely  reverse  the  advocacy  reiterated  in  the  fol- 
ding sentence  ? — 

1  had  myself,  in  the  first  edition  of  my  work,  attributed  to  ammonia 
w^ponderating  value  and  importance ;  and  I  thought  I  had  sufficiently  cor- 
Z^d  this  error  in  the  subsequent  editions,1* — Principles,  p.  79. 

Surely,  if  any  of  the  constituents  necessary  to  the  production 
our  crops,  should  have,  in  the  eye  of  the  agricultural  chemist, 

*  ^eponderating  value  and  importance,"  it  should  be  those  which 

*  the  most  easily,  not  those  which  are  the  least  easily,  exhausted 
ttie  course  of  practice ! — those  by  the  want  of  which  the  limit  to 

production  of  corn  is  in  practice  fixed — not  those  which,  in 
&  same  course  of  practice,  are  ready  and  waiting,  but  inactive, 
rrnant,  and  unremunerative,  because  unassociated  with  others 
fcich  we  are  told  should  nevertheless  not  have  attributed  to  them, 

*  "preponderating  value  and  importance  "  ! 

But  we  have  not  yet  done  with  the  limitations  to  a  free  and 
Qualified  admission  of  the  pre-eminent  importance  in  agri- 
It;  ure,  of  an  accumulation  of  nitrogen  in  an  available  form  within 

*  *oil  itself: — 

The  advantage  of  this  artificial  supply  of  ammonia,  as  a  source  of  nitrogen, 
t**nited>  like  that  derived  from  the  presence  of  humus  in  the  soil,  to  a  gain 
**mc."—Ib.,  p.  74. 

What,  we  would  ask,  is  gain  of  time  in  the  growth  of  plants, 
;t  the  very  essence  of  the  distinction  between  natural  growth 
«1  artificial  growth,  that  is,  AGRICULTURE  ?  In  this  admission, 
^refore,  is  involved  the  fullest  and  most  convincing  proof,  that 
*Hiy  of  the  constituents  of  plants  should  have  attributed  to  them 

*  preponderating  value  and  importance,"  it  should  be  those 
^vhich  is  due  a  gain  of  time. 

^To  resume:  The  following  is  a  brief  summary  of  the  criti- 
**ns  to  which  our  experiments  on  the  growth  of  wheat  have  been 
Emitted  by  Baron  Liebig,  with  the  view  of  showing  that  their 
^ Kilts  are  at  once  consistent  with  his  own  peculiar  doctrines, 
inconsistent  with  our  own  conclusions. 

lie  maintains  alternately,  that  the  supply  of  ammoniacal  salts 
^  not,  and  has,  been  the  source  of  the  increase  !  And,  when  it 
*o&me  impossible  to  avoid  the  latter  conclusion,  how  does  he 
*^lify  the  unpalatable  admission  ? 

•SieeA  a  result  is  precisely  in  accordance  with  what  theory  teaches  ! 

'Salts  of  ammonia  are  themselves  to  be  included  as  mineral 
inures  ! 

Hheir  action  is  mainly  tliat  of  rendering  soluble  the  minerals  of 
soil,  and  hence  it  is  the  minerals  to  which  at  last  the  increase  is 

If  ammonia-salts  do  give  increase,  they  do  but  exhaust  the  land ! 
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Their  cation  is  only  a  gam  of  time  ! 

And  lastly,  their  observed  eject  m  our  own 
exceptional,  so  that  no  deductions  whatever 
from,  in  regard  to  corn*exhaustion  in  any  other 

The  point  which  we  propose  next  to  illustrate,  tr?  « 
a  very  condensed  tabular  statement  of  a  large  number 
ments  is,  that  the  provision  of  available  nitrogen  within  ft* 
has  a  very  marked  effect  upon  the  increased  growth  of 
also — the  second  in  importance  of  the  oereal  grains  in  our 
country  and  climate. 

In  Table  II.,  given  below,  we  have  the  results  of 
on  the  growth  of  barley  in  the  year  1854,  in  two 
of  widely  differing  previous  history.   The  portion"  of  " 
field"  the  produce  of  which  is  given  in  the  upper  part  of  t 
Table,  had  grown  turnips  experiment  ally  for  ten  successive  yei 
without  being  manured  with  any  nitrogenous  or  carbonacec^ 
substance.  It  had,  however,  been  exceedingly  liberally  su 
every  year,  with  various  mineral  manures;  which  in 
cases  included  in  very  large  excess  every  constituent  which 
ashes  of  the  crop  would  contain.    The  condition  of  these  pi 
indeed,  would  be  that  of  subh  exhaustion  of  organic  Bubstan 
and,  on  the  other  hand,  of  such  a  repletion  of  mineral 
tuents,  as  could  not  occur  in  the  ordinary  course  of  " 
Strange  to  say,  however — that  ib,  for  the  credit  of  the 
theory" — this  exceedingly  mineral-enriched,  and  nitrogen-im 
verished  land,  gave  for  the  season  in  question  an  excessive 
meagre  crop.   In  fact,  its  total  prod  nee  (corn  and  straw)  was  » 
two-thirds  that  of  our  continuously  unmanured  wheat-plot,  * 
little  more  than  half  as  much  as  that  grown  without  manure 
by  mineral  manure  alone,  in  our  other  experimental  barley -fie  I 
although  the  crop  in  the  latter,  some  of  the  results  of  which  r^*** 
also  given  in  the  Table,  was  the  fourth  of  barley,  and  the  rf> '  v 
without  nitrogenous  manure.    Previous  to  the  first.  experimt*"  1  5,1 
crop,  however,  the  latter  field  had  not  been  submitted  to  more  th  **c 
an  ordinary  course  of  exhaustive  cropping.   We  have  here,  th*-* Tl 
a  remarkable  instance  of  the  utter  incapability  of  a  very  lib**1^ 
supply  of  mineral  constituents*  on  a  soil  exhausted  of  organic  f&o4}* 
to  enable  the  plant  to  obtain  sufficient  nitrogen  from  atmosph«£,*"[f 
sources,  for  the  growth  of  the  barley-crop  in  adequate  agric-*^ 
tural  quantity.  Nor  was  there  in  this  lt  Barn-field  *'  a  differ***'1™ 
of  more  than  a  bushel  or  two,  between  the  produce  of  those  p*°? 
which  had  previously  received  tar^i*  mini. inns  of  alkalies  -    ^  r 
as  phosphates,  and  those  which  had  only  been  manured  with  * ^ 
latter. 
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Table  II. — Summary  of  Experiments  on  the  Growth  of  Barley. 
Average  Total  Produce  (Corn  and  Straw)  per  acre,  in  lbs. 

General  Oondition  of  Manuring. 

Total 
Produce. 

Total 
Increase  by 
Nitrogen. 

Barn-field— Harvest  1864. 

^tlineral  Series  (mean)   

Ditto        (ditto)  with  Ammonia-salts  

Ditto        (ditto)  with  Nitrate  of  Soda 

lb*. 
2474 
73M2 
8005 

lbs. 

4908 
5531 

Hoos-field— Harvest  1854. 

□Mineral  Series  (mean)   

Ditto        (ditto)  with  Ammonia- salts  

Ditto         (ditto)  with  Rape-cake  

it  rate  of  Soda  (second  year  without  Minerals)... 

4656 
8127 
8150 
7400 

3471 
3494 
2744 

In  the  Table  it  is  seen,  that  the  mean  total  produce  (corn  and 
st.  iraw  together)  of  barley  in"  Bariir-field"  on  the  previously  mineral- 
ma  oured  plot,  is  2474  lbs. ;  that  on  land  in  similar  previous 
condition,  but  with  ammonia-salts  now  added,  is  7382  lbs. ;  and 
tlxat  with  nitrate  of  soda  instead  of  ammonia-salts,  is  8005  lbs. 

In  "  Hoos-field "  again,  the  mean  total  produce  of  the  series 
Manured  annually  with  direct  mineral  manures,  is  4656  lbs.; 
*Hat  with  ammonia  salts  in  addition,  is  8127  lbs.;  that  with 
0>^sides  the  minerals)  rape-cake,  equal  in  its  amount  of  nitrogen 
to  the  ammonia-salts  of  the  previous  series,  is  8150  lbs.;  and 
tt*at  with  nitrate  of  soda,  this  being  the  second  year  of  its  appli- 
cation without  mineral  manure,  is  7400  lbs. 

Here  then,  in  both  fields,  we  have  an  enormous  increase  of 
P*X>duce  in  the  barley  crop,  by  means  of  available  nitrogen 
8**"pplied  to  the  soil.    And  although,  owing  to  the  more  limited 
*^**ge  of  the  underground  feeders  of  the  barley  plant,  and  to  the 
^xich  shorter  period  of  time  during  which  it  collects  its  mineral 
food,  direct  mineral  manures  have  a  more  beneficial  influence 
upon  that  crop  than  upon  wheat,  yet  it  is  obvious,  that  as  with 
wheat  crop  so  also  with  barley,  a  maximum  agricultural 
Produce  cannot  be  obtained,  however  liberal  the  supply  of 
minerals,  unless  there  be,  at  the  same  time,  an  accumulation  of 
*v«ailable  nitrogen  within  the  soil  itself. 

now  turn  to  a  consideration  of  Baron  Liebig's  treatment 
°^  oar  recorded  experiments  and  conclusions  in  reference  to  the 
fc^owth  of  turnips.    He  says : — 

.  "  It  seems  to  me  worth  while  to  consider  here  one  more  of  those  unmean- 
ln8"  practical  experiences,  made  by  one  who  is,  according  to  Mr.  Pusey,  the 
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first  agricultural  authority  in  England,  namely,  by  Mr.  Lawes.  It  refers^ — j 
to  the  growth  of  turnips  (vol.  xii.  p.  34,  and  vol  viii.  part  iL  p.  26,  et^. 

srq.)" — Principles,  p.  123-4. 

In  consequence  of  the  great  length  of  this  Paper,  we  must^-== 
content  ourselves  on  this  occasion  with  examining  only  one  om 
two  of  Karon  Living's  criticisms  on  this  point,  in  that  detai  'J  _ 
wliich  we  had  intended. 

Baron  Liebig  attributes  to  us  the  assertion,  that  "  phosphorU 
acid  alone  was  found  efficacious  "  in  our  experiments — a  statc^  = 
nient  in  direct  contradiction  to  opinions  strongly  insisted  upo~ 
throughout  our  Paper  on  tuniip  culture,  from  which  in  part  Ik— 
quotes.    He  considers  the  results  obtained  by  large  quantities  <^^^m 
burnt  bones  and  sulphuric  acid,  as  demonstrating  4 •  the  existenc= 
of  a  very  unusual  quality  of  soil " ;  and  having  thus  ndmirtt —  — 
the  fact  itself,  he  adds : — 

44  But  if  we  inquire  into  the  reason  why  the  credit  of  this  striking  reaultr  - 
given  to  the  phosphoric  acid,  we  find  that  this  is  a  sheer  fancy.    Were  a~  ~msa 
one  to  assert  t  bat,  under  the  circumstances,  it  was  the  free  sulphuric  b^cl— 
which  produced  the  result,  it  would  he  difficult  to  disprove  the  assertion,  a 
will  be  seen  from  the  following  calculation." — Principles,  p.  125. 

He  then  goes  on  to  assume,  that  we  employed  in  the  experim^^  ~^mi 
in  queslion,  "  as  a  minimum/'  400  lbs.  of  burnt  bones  (and  8  ^zxl 

phuric  acid  besides),  every  year,  during  eight  successive  years-  

or  in  all,  3200  lbs.  of  burnt  bones;  more  than  enough,  as  'Mw 
tells  us,  for  fifty  average  crops  of  turnips.    Now  it  so  happe*  m 
that  3200  lbs.  of  burnt  bones      a  pure  assumption  of  Ba«-«3n 
Liebig's,  as  indeed  he  admits  in  a  note;  but  he  does  not  ^e 
less  on  this  account  make  liberal  use  of  this  assumed  fact.    r J- 
quantity  of  phosphate  of  lime  used  in  the  eight  years  was  m 
reality  more  than  a  thousand  pounds  less  than  was  suppo^*-^ 
by  Huron  Liebig.    Further  on,  after  having  pointed  out  fc^,e 
excess  of  phosphate  added  in  the  previous  years,  he  says : — 

"It  is  impossible  to  believe  that  the  effect,  in  the  seventh  year,  nw**^ 
these  circumstances,  can  have  depended  on  the  newly-added  phosphoric  m^"1** 

as  Mr.  Lawes  concludes." — lb.,  p.  120. 

And  again  — 

"  "What  conclusion  would  Mr.  Lawes  have  come  to.  had  he  manured 
land,  for  two  years,  only  with  phosphate  of  lime,  and  had  added,  in  th*^  g\ 
succeed injr  years,  400  lbs.  of  sulphuric  acid  alone,  and  bad  be  thus  obto**^ 
the  same  produce,  in  eight  years  as  if  he  had  used  3200  lbs.  of  l**-**"^ 

honest—//;.,  p.  120. 

'If 

Now  it  does  so  happen,  that  we  have  an  experiment  that  *V 
show,  as  far  as  such  a  point  is  susceptible  of  proof,  that  t.l^1* 
van  an  action  due  to  the  large  amount  of  phosphate  of  ^xt1f 
added  to  the  soil,  which  could  not  be  attributed  to  "free  Btl*j 
phuric  acid "  in  admixture  with  it ;  and  further,  that  a 
greater  excess  of  superphosphate  of  lime  gave  a  further  iucremcnt 
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of  increase.  In  the  following  Table  (III.),  we  have  the  result  of 
this  experiment;  namely,  that  on  plot  21,  which,  with  those  on 
plots  7  and  22,  given  on  either  side  of  it,  will  illustrate  the  point 
in  question : — 


Table  III. — Selection  of  Results  of  Experiments  on  Turnips. 
Produce  of  Bulb  per  Acre. 


Year*. 

Plot  7. 
\  Cwt.  Sulphate  Ammonia, 

in  1843. 
J  Cwts.  ground  Apatite,  in 

1844. 

IS  Cwts.  Gypsum,  in  1845. 
Afterwards  Unmanured. 

Plot  21. 
Superphosphate  of  Lime, 
in  1813-4-5. 

Afterwards  Unmanured. 

Plot  22. 
Superphosphate  of  Lime, 
every  Year. 

1  /1843 

2  1844 
*  J  1845 
4  J1846 
|  1847 
£  V1848 

Tons.  Owts. 
6  18| 
3  1 
5  13} 

\  "  u4 

Tons.  Cwts. 
11  14} 
7  3} 
13  2} 

1  4 

3  17 
6  7| 

Tons.  Cwts. 

12  3J 
7  14} 

12  13} 
1  18 
5  11 

10  11 

.  (1849 
I  J  1850 
1  11851 
■  U852 

0  2* 
4  6j 
3  10 

1  4 

0  15} 
8  0 

6  n 

2  15} 

3  15 
11  9 
10  16J 

8  9± 

Totals  ... 

28  8} 

61  9 

85  1} 

Means  ... 

3  3} 

6  3 

8  10| 

Plot  21  received  in  all,  during  the  first  three  years  of  the 
experiment,  about  800  lbs.  of  bone-earth,  or  its  equivalent  in 
apatite  (mixed  with  sulphuric  acid) ;  and  from  that  time  it  was 
unmanured.  And  since  the  whole  produce  of  the  ten  years 
would  only  remove  from  the  land,  say  one-third,  of  the  phos- 
phoric acid  added  in  the  first  three  years,  it  is  obvious  that  there 
must  have  remained  in  the  soil  a  large  residue  of  the  supplied 
phosphate,  for  the  seven  crops  grown  since  the  application  of 
the  manure. 

Plot  22  had  also  large  amounts  of  superphosphate  of  lime 
supplied  to  it  during  the  first  three  years ;  and  after  that  time 
it  received  every  year  160  lbs.  burnt  bones,  mixed  with  120  lbs. 
of  sulphuric  acid  of  sp.  gr.  1*7. 

Plot  7,  having  had  a  small  quantity  of  ammonia-salts  in  1843, 
3  cwts.  of  apatite  in  1844,  and  12  cwts.  of  gypsum  in  1845, 
yielded,  in  1846,  without  manure  of  any  kind,  so  small  a  crop 
as  not  to  be  worth  weighing ;  and  this  plot  7  was  afterwards 
continuously  unmanured. 

It  is  seen  that,  during  the  first  three  years  of  the  experiment, 
plota  21  and  22,  being  both  manured  liberally  with  superphos- 
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phate  of  lime,  gave  nearly  equal  amounts  of  produce ;  though 
plot  22,  having  rather  the  most  of  the  manure,  gave  also  rather 
a  higher  average  produce. 

In  1846,  the  now  unmanured  plot  7  (which,  however,  had 
received  a  large  quantity  of  powdered  apatite  two  years  pre- 
viously) yielded  next  to  nothing;  plot  21,  now  unmanured,  but 
having  a  larger  residue  of  phosphate  of  lime  in  the  soil,  and  in 
a  more  easily  soluble  form  than  plot  7,  gave  \\  tons  of  bulb; 
and  plot  22,  with  its  large  residue  of  phosphate  of  lime,  as  well 
as  annual  additional  supply  of  superphosphate  of  lime,  gave 
nearly  2  tons. 

In  1847,  plot  7  gave  rather  more  than  2\  tons ;  plot  21,  with 
its  residue  of  phosphate  of  lime,  gave  nearly  4  tons ;  and  plot  22, 
with  its  additional  supply  of  superphosphate,  as  well  as  residue, 
gave  rather  more  than  5£  tons. 

In  1848,  the  comparatively  non-residue-plot  (7)  gave  1  ton  of 
turnips ;  the  residue-plot,  6£  tons ;  and  the  residue,  with  addi- 
tional supply,  more  than  10£  tons. 

In  like  manner,  to  the  end  of  the  experiment,  it  is  seen  that 
the  residue-plot  21  always  gives  a  considerable  increase  (varying 
according  to  season)  over  the  comparatively  non-residue  plot  7  ; 
and  again,  plot  22,  with  both  its  accumulating  residue  and  its 
additional  supply,  in  every  case  gives  a  considerable  increase  over 
the  residue  plot  21,  although  the  latter,  even  up  to  the  last  year 
of  the  experiment,  still  retained  a  large  proportion  of  the  pre- 
viously added  phosphate,  besides  all  that  must  have  been  avail- 
able, during  the  ten  years,  from  the  stores  of  the  soil  itself. 

Now  it  is  quite  certain,  that  on  plot  7  there  was  much  more- 
phosphate  supplied  in  the  apatite  in  1844,  and  derivable  from 
the  annually  available  stores  of  the  soil,  than  was  necessary  to 
supply  with  phosphoric  acid  a  much  larger  produce  than  was* 
obtained  on  that  plot.  It  is  also  quite  certain,  that  the  much 
larger  produce  on  plot  21  than  on  plot  7  must  have  been  due  to 
the  residue  of  the  manuring  of  the  years  1843-4-5.  If  any  one, 
therefore,  were  to  assert  that,  under  the  circumstances  of  this 
plot  21,  "it  was  the  free  sulphuric  acid  which  produced  the 
result,"  it  would  certainly  not  "be  difficult  to  disprove  the 
assertion."  And  again,  it  is  certainly  also  true,  that  the  further 
increase  obtained  on  plot  22  over  plot  21  must  be  due  to  the 
additional  mixture  of  phosphate  of  lime,  mixed  with  sulphuric 
acid,  which  was  annually  supplied  to  it.  And,  as  we  have  seen 
that  on  plot  21,  a  supply  of  phosphate  far  in  excess  of  that  con- 
tained in  the  crop  produced — the  action  of  which  could  not  be 
attributed  to  free  sulphuric  acid — did  give  an  increase,  and  as  we 
well  know  that  any  free  sulphuric  acid  which  might  reach  the 
soil  would  in  a  very  short  time  be  neutralised,  the  reader  will 
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judge  for  himself,  whether  on  plot  22  the  increased  produce 
obtained  was  more  probably  due  to  free  sulphuric  acid,  or  to  the 
still  greater  excess  of  phosphoric  acid  or  its  compounds  supplied 
in  the  manure ; — that  is  to  say,  whether  the  increased  produce  on 
plot  22  was  not  due  to  an  action  very  similar  in  kind  to,  but 
differing  in  degree  from,  that  on  plot  21  ? 
Again,  Baron  Liebig  says — 

"  If  we  continue  our  examination,  we  shall  find,  still  in  bis  own  experi- 
ments, much  more  convincing  proofs  that  the  excess  of  phosphoric  acid 
cannot  have  been  the  cause  of  the  increased  produce/' — Principles,  p.  126. 

He  then  goes  on  to  institute  comparisons  which,  taking  the 
figures  simply  as  they  stand,  and  without  the  explanations  of  the 
very  results  in  question  given  in  our  papers,  were  certainly  well 
calculated  for  his  purpose,  if  the  only  object  he  had  in  view  were 
to  mystify,  misrepresent,  and  fix  contradiction  upon  agricultural 
phenomena.  Thus,  following  up  the  incorrect  assertion  that  "  phos- 
phoric acid  alone  was  found  efficacious  "  in  our  experiments,  by 
assuming  that  we  should  measure  the  action  of  farm-yard  manure 
or  rape-cake,  by  the  quantity  of  phosphoric  acid  or  phosphate  of 
lime  they  contained,  he  goes  on  to  compare  the  produce  by  these 
manures,  sometimes  in  the  same  year,  and  sometimes  not,  with 
that  by  superphosphate  of  lime  alone ;  and  then  he  says,  in 
regard  to  these  results,  "  in  what  incomprehensible  contradiction 
do  they  stand  to  the  opinions  of  Mr.  Lawes !  "  One  quotation 
alone  from  our  paper,  to  which,  indeed,  but  for  the  length  of  this 
article,  we  had  intended  to  add  many  more,  will  show  not  only 
whether  we  maintained  that  phosphoric  acid  alone  was  efficaciousy 
but  whether  or  not  it  was  to  the  phosphoric  acid  they  contained, 
that  we  supposed  the  action  of  farm-yard  manure  and  rape-cake 
was  chiefly  or  only  due.*  Thus  we  say,  speaking  of  superphos- 
phate of  lime — 

*  As  a  further  instance  of  the  spirit  and  fairness  of  Baron  Liebig's  criticisms, 
be  speaks  of  the  "unpardonable  blunder"  of  using  rape-cake  as  a  carbonaceous 
manure, — because,  as  he  says,  it  contains  a  large  amount  of  nitrogen  also;  on 
which  point  he  quotes  the  analyses  of  Mr.  Way.  Those  who  have  not  read  our 
Papers,  would  scarcely  think  it  possible,  that  we  have  again  and  again  spoken 
in  them  of  the  amount  of  nitrogen  in  rape-cake ;  and  frequently  also,  parti- 
cularly contrasted  the  effects  of  rape-cake  and  other  organic  manures,  with 
that  of  ammonia-salts,  in  order  to  eliminate  the  action  of  the  nitrogenous  and 
carbonaceous  supply  respectively.  But,  Baron  Liebig  equally  ridicules  us,  for 
using  experimentally,  rice  and  oil :  substances  chosen  as  containing  little  or 
no  nitrogen.  One  of  the  carbonaceous  manures  by  which  he  obtained  his  re- 
mits, was  sawdust.  His  anxiety  to  ignore  that  wc  attribute  an  action  to  car- 
bonaceous manures,  and  to  ridicule  all  our  experiments  connected  with  such 
manures,  is  however  perfectly  intelligible,  when  it  is  borne  in  mind,  that  he 
claims  to  have  embodied  in  his  "  14th  Proposition,"  a  correction  and  enlarge' 
nent  of  his  views.  That  Proposition  is,  he  says,  the  only  one  of  the  50  given 
in  his  'Principles,9  the  substance  of  which  is  not  to  be  found  in  his  previous 
works;  and  the  object  of  that  Proposition  is  to  claim  an  action  of  animal  and 
vegetable  manures,  by  virtue  of  the  organic  tvbttance  they  contain.  We  shall 
however  have  occasion  to  show,  in  on«  striking  instance  at  least,  and  we  could 
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"  The  Utter  manure  ie  the  form  which  is  found  to  produce  the  frreat^i. 
effect  upon  ihe  young  plant,  and  especially  upon  the  development  of  a  Urjr 
amount  of  fibrous  roots.  ,  .  .  .  It  mustt  Afflvecer*  he  clearly  undents 
that  the  bulk  of  an  agricultural  ci'op  of  turnips  depends  materially  upon  ti 
amount  of  organic  mutter  contained  in  tfut  gmlt  jrit/tmft  ichich  the  dereltjf 
of  the  power  of  growth  by  means  of  the  pho«f*hate  trid  be  unataiting. 
Rape-cake,  as  containing  a  large  amount  sf  orfsmie  wsMtter,  \ 
manure  for  the  turnip  as  a  substitute  for  J 
Soc.  Eng.  vol.  viii.  part  ii.  pp.  563-3. 


We  cannot  now  stop  to  point  ont  virions  little  < 
in  Baron  Liebig's  professed  quotations  of  figures ;  but 
one  result,  which  he  says  is  "  still  more  incomprehensible,* 
which  we  must  call  attention.   In  this  particular  instance, 
cannot  entirely  blame  Baron  Liebig,  for  it  is  a  misprint  in 
own  paper,  that  has  supplied  him  with  the  strong  point  of ! 
case;  though,  the  evidence  respecting  the  same 
given  in  the  immediately  succeeding  tables,  would  hate 
any  careful  critic,  from  the  blunder  into  which  be  baa 
led  by  the  misprint.    He  quotes  a  plot  manured  with  gyi 
and  rape-cake  in  1845,  and  apparently  yielding  18  tons  1  C 
of  turnips.    Now  it  so  happens,  that  in  our  paper,  we 
of  the  produce  of  the  farm-yard  manure  of  that  year, 
was  17  tons,  as  the  highest  in  the  entire  series  of  the  e 
ments.    This  certainly  ought  ,  to  have  raised  some  doubfc 
to  the  correctness  of  the  figures  in  question.    The  fat 
that  instead  of  18  tons  1  cwt.  the  produce  was  only  10 
1  cwt. ;  and  this  was  shown  by  the  relation  of  the  i 
of  bulbs  and  number  of  plants  per  acre,  and  by  that  of  thei 
produce  of  leaf,  and  the  proportion  of  the  latter  to  1000  of  1 
as  given  in  the  tables  which  immediately  succeeded:  _  ^ 

To  Bay  nothing  of  minor  discrepancies  which  also  appear, 
followin^  is  the  curious  contrast  which  we  obtain f  between  B***^*? 
liebig's  comment,  and  that  which  is  really  consistent  * 
the  facta  of  the  case*    In  the  left-hand  column  is  given  tit**-*11 
Liebig  s  comment,  founded  on  the  misprint ;  and  in  tl 
hand  one,  the  comparison  is  shown  as  it  would  b&f  accord  in£T_, 
the  corrected  figures.    The  italics  are  given  ta\ 
;  between  the  parallel  passages  in  1 


Principles y  p.  127-8. 
n  In  1845,  another  lot  of  equal  tut, 
manured  with  12  cwt,  of  gypsum 
(the  residue  of  the  manufacture  of 
tartaric  acid),  and  10  cwt,  of  rape- 
cake,  yielded  18  tons  1  cwt*  of  tur- 
mpa,  that  ia,  0  tons  mors  than  the 
high  eat  produce  (12  tons)  of  the  land 


Amended  Comparison. 
In  1845,  another  lot  of  «quat 
manured  with  1$  cwt.  of  py^^JJ 
(the  residue  of  the  maiwfacii**^  ^ 
tartaric  acid),  and  10  cwt,  of  rr^^sfm 
cake,  yielded  10  ton*  1  cwt.  c*^ 
nips,  that  ia,  3  tons  1}  cwL  Imsw 
the  higheat  produce  (13  ton*  L'l 


in  others,  that  <  Proposition  14*  ii  not  the  only 
i  Uehlg's  previoua  tic**. 
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im^*nred  with  bones  and  sulphuric 
rrm  ci  M  and  nearly  10  tons  more  than  its 
*%re*r*jge  produce,  or  more  fAan  double 
£  -trtiis  last,  which  was  8|  tons.  " 


of  the  land  manured  with  bones  and 
sulphuric  acid,  and  only  1 1 on  16  cwt. 
more  than  its  average  produce,  which 
was  8^  tons.  But,  gypsum  without 
rape-cake  gave  7  tons  9  cwt.  less  than 
the  highest  by  superphosphate  of  lime 
in  the  same  year ;  and  2  tons  1 1  cwt. 
less  than  the  average  produce  of  the 
latter  ! 


Baron  Liebig  8  numerical  comment  on  this  "  still  more  incom- 
prehensible "  result  is  therefore  simply  reversed.    But  let  us  now 
see  how  far  his  comparison  was  legitimate,  even  supposing  his 
numbers  had  not  been  erroneous.    The  real  fact  was,  then,  that 
gypsum  used  alone,  though  even  after  apatite  (phosphate  of  lime) 
in  great  excess  in  the  previous  year,  gave  only  5  tons  14  cwt.  of 
produce.    This,  as  the  result  of  purely  mineral  manure,  was 
that  which,  in  fairness,  should  have  been  compared  with  the 
"  12"  or  rather  13  tons  2|  cwt.  yielded  by  the  phosphate  of 
Urn*  and  sulphuric  acid  in  the  same  season.     Again,  7  tons 
lO  cwt.  was  the  produce  of  10  cwt.  of  rape-cake,  when  used  alone  ; 

when  to  this  latter  amount  is  added,  that  portion  of  the  5  tons 
1^  cwt.  by  gypsum  alone,  which  may  be  supposed  not  to  be  due 
*°  tihe  previous  dressing  of  finely  powdered  apatite,  there  is  cer- 
tainly nothing  anomalous  in  the  fact,  that  the  gypsum  and 
PaJ>e-cake  together,  gave  10  tons  1  cwt.  of  turnips. 

It  is,  then,  after  such  comparisons  as  those  which  we  have 
P°inted  out,  and  on  an  incorrect  statement  as  to  our  conclusions, 
tt*^t  Baron  Liebig  says  of  our  results,  "  In  what  incomprehen- 
sible contradiction  do  they  stand  to  the  opinions  of  Mr.  Lawes  !  " 
A^d  he  adds — 

*"  It  is  out  of  the  question,  after  the  facts  just  related,  to  assume  that  the 
^*^as  of  phosphoric  acid  was  necessary,  and  was  the  cause  of  the  increase. 
~*  H  then  the  sulphuric  acid,  the  lime,  or  both  together  (gypsum),  or  is  it 
organic  matter  in  the  stable  manure  and  in  the  rape-cake  ?  — Principles, 

To  this  we  answer — that,  where  the  superphosphate  of  lime  was 
**ed, "  it  is  out  of  the  question  after  the  facts  just  related,"  to 
*°*&t,  that  the  action  of  u  the  excess  of  phosphoric  acid,"  or  of 
W*e  phosphate  of  lime,  "  was  the  cause  of  the  increase,"  in  that 
Particular  case  ! — or,  that  where  the  farm-yard  manure  or  rape- 
Cafe  was  used,  a  the  organic  matter  in  the  stable-manure  and  in 
rape-cake,"  together  with  the  mineral  constituents  they  con- 
fined, played  an  important  part  in  providing  the  actual  sub- 
i      ^nce  of  the  increased  crop. 

What,  then,  is  the  result  of  our  examination  of  Baron  Liebig's 
^ticiam  on  our  experiments  and  conclusions  regardingthe  growth 
°f  turnips  ?  It  is  seen — that  his  statement  of  our  general  conclu- 
*l0&  ia  incorrect ;  that  his  allegation  as  to  the  amount  of  phosohate 
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of  lime  we  used  is  an  assumption  and  erroneous ;  that  his  objec- 
tions to  admitting  an  action  by  an  apparent  excess  of  phosphates 
are  captious  and  unfounded;  that  his  "incomprehensible"  facts 
are  comprehensible  and  consistent ;  and  that  his  "  still  more  incom- 
prehensible "  fact  is  not  even  a  fact  at  all,  but  is  founded  only 
on  an  easily  discoverable  mispint ! 

But  after  all  this  strenuous  resistance  of  the  notion,  that  in  the 
agricultural — that  is,  in  the  artificially  enhanced — growth  of 
plants,  there  may  be  required  a  supply  of  substances  by  manure, 
beyond  that  which  can  be  accounted  for  by  any  idea  of  merely 
supplying  what  is  to  become  an  actual  constituent  of  the  removed 
crop — and  saying  with  regard  to  it,  4 1  have  we  made,  after  all, 
but  a  hair-breadth's  progress  from  our  old  position  ?  " — we  find, 
but  a  page  or  two  further  on,  the  enunciation  of  a  general  prin- 
ciple, obviously  intended  to  cover  any  such  instances  which  it 
may  be  impossible  to  deny  the  existence  of  as  facts.  Baron 
Liebig  says : — 

"  As  a  general  rule,  the  manuring  of  a  field  should  not  be  calculated  from  the 
sum  total  of  the  mineral  ingredients  which  the  plant  takes  from  the  soil,  but 
must  be  proportional  to  that  maximum  of  these  substances  which  is  required  by 
the  plant  in  a  certain  period  of  its  growth.11 — Principles,  p.  133  (note). 

We  would  compliment  Baron  Liebig  on  the  fact,  that  we  have 
here  evidence  of  more  than  "  a  hair-breadth's  progress  from  our 
old  position/'  when  we  contrast  that  which  is  herein  involved^ 
with  his  general  conclusions  on  the  subject  of  manuring,  in  sum-* 
ming  up  his  general  retrospect,  in  the  fourth  and  last  edition  of* 
his  main  work,  where  he  says : — 

"By  an  exact  estimation  of  the  quantity  of  ashes  in  cultivated  plant*, 
growing  on  various  kinds  of  soils,  and  by  their  analysis,  we  will  learn  those* 
constituents  of  the  plants  which  are  variable,  and  those  which  remain  con — 
stant.  Thus  also  we  will  attain  a  knowledge  of  the  quantities  of  all  the^ 
constituents  removed  from  the  soil  by  different  crops. 

"The  farmer  will  thus  be  enabled,  like  a  systematic  manufacturer,  to  hav» 
a  book  attached  to  each  field,  in  which  he  will  note  the  amount  of  the  various 
ingredients  removed  from  the  land  in  the  form  of  crops,  and  therefore  haw  mucfm- 
he  must  restore  to  bring  it  to  its  original  state  of  fertility.  He  will  also  be^_  ^ 
able  to  express  in  pounds  weight,  how  much  of  one  or  of  another  ingredient 
soils  he  must  add  to  his  own  land,  in  order  to  increase  its  fertility  for  oertairm- 
kinds  of  plants:9— 4th  Edition,  p.  212,  213. 

And  then  again,  to  cover  by  general  principle,  the  undoubted- 
fact,  that  the  resultant  requirements  of  land  under  cultivation,  ar^^ 

certainly  not  to  be  ascertained  by  the  consideration  of  the  collec  

tive  mineral  composition  of  the  crop  to  be  grown,  we  are  told:  ■ — ~ 

" The  produce  of  a  field  stands  related  to  the  amount  of  that  mineral  in»—  Tl 
gradient  which  its  soil  contains  in  smallest  quantity.11 — Principles,  p.  18-^^^^ 
(note). 

And  this  simply  common-sense  notion  (provided  that  BmaUe&*^ 
quantity  be  too  small  for  the  requirements  of  a  maximum  growth^  ^ 
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V>ut  which,  however,  is  the  clear  way  of  escape  from  his  previous 
applications  of  his  doctrines,  and  a  net  large  enough  to  include 
toany  now  established  facts  inconsistent  with  those  applications, 
is  insisted  upon  much  more  at  length  in  Baron  Liebig  s  recent 
Teply  to  the  criticisms  of  his  "  Principles"  by  Professor  Wolff. 

In  like  manner,  the  careful  reader  will  observe  throughout  all 
Baron  Liebig's  writings  in  this  discussion,  that,  whenever  there 
is  a  fact  to  be  admitted,  or  a  deviation  from  the  exact  expression 
previously  given  to  his  views  to  be  conceded,  we  are  first  fa- 
voured with  a  general  or  abstract  statement ;  perhaps  obviously 
true,  and  perhaps  so  little  differing  from  previous  forms  of  ex- 
pression in  individual  sentences  of  his  works,  as  to  pass  unobserved, 
and  yet  sufficient  to  claim  the  fact  or  conclusion  which  he  has 
k>  record  and  admit,  as  but  an  obvious  consequence.    The  fol- 
lowing is  a  further  illustration  of  this  mode  of  ignoring  the  ex- 
J^ritnental  evidence  and  conclusions  of  others,  and  of  netting 
whole  as  an  obvious  consequence  from  his  own  principles. 
The  reader  need  scarcely  be  reminded  of  Baron  Liebig's  argu- 
111  ^nt  on  Boussingault's  rotations,  viz.,  that  the  nitrogen  of  his 
jaariure  had  done  nothing ;  and  that  if  the  latter  had  been 
^^t,  and  its  nitrogen  expelled,  the  produce  would  have  been 
tne  same ; — that,  in  defining  agriculture  as  distinguished  from 
formal  vegetation,  he  has  said,  that  the  nitrogen  yielded  to  the 
ktt^i-  by  the  atmosphere  was  "  quite  sufficient  for  the  purposes  of 
a?r^nlture  "  ; — and  that,  speaking  of  produce  grown  under  cul- 
that  is,  in  agricultural  quantity,  he  has  said — "  Surely 
7*e_  cerealia  and  leguminous  plants  which  we  cultivate  must 
T^H.ve  their  carbon  and  nitrogen  from  the  same  source  whence 
*j*e   gTamineae  and  leguminous  plants  of  the  meadows  obtain 
! "  But  what  are  we  now  told  ?  And  how  is  the  very  opposite 
J*  **l*is,  the  clear  recognition  of  which  we  have  maintained  to  be 
.  ^  Very  key  to  advancement  in  agricultural  science,  now  swept 
ltx^°  accordance  with  Baron  Liebig's  own  principles  by  general 
p1*^  abstract  statements,  obviously  true,  and  put  apparently  with 
l*»tl^  reference  to  any  point  in  dispute  ? 

Xiut  the  quantity  or  amount  of  produce  is  in  proportion  to  two  factors, 
Tv?*^y»  the  atmospheric  food  of  plante,  and  their  terrestrial  or  mineral  food. 
£  l*  quantity  depends  on  the  presence  of  both,  and  on  their  co-operation  in 
US  Proportion,  and  iu  the  proper  time. 

if  the  amount  of  one  of  these  factors — the  mineral  food  of  plants  —be 
-^^•sed,  while  that  of  the  other — the  carbonic  acid  and  ammonia,  which 
r?11  l>c  conveyed  to  the  plants  by  means  of  the  atmosphere—  remain  unchanged, 
Jr*  Amount  of  carbonised  and  nitrogenised  produce  cannot  thereby  increase; 
2?**  *he  crops,  in  this  case,  will  vary  with  the  absorbing  or  active  surface  of 

plants  cultivated  on  the  land." — Principles,  p.  76. 

JJe  then  goes  on  to  state  that  "  the  air  contains  a  very  limited 
**xioniit  of  carbonic  acid  and  ammonia,"  and  that — 
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il  It  is  obvious  that,  if  we  could  double  or  treble  the  proportion  of  carbonic  — 
arid  and  ammonia  in  the  air,  the  plants  would,  in  the  same  circumstance?, 
take  up  twice  or  thrice  as  much  carbonic  acid  and  ammonia  in  the  same  time, 
or  as  much  ns  they  could  do  in  the  normal  condition  in  twice  or  thrice  the 

time." — lb.  77. 

Hero,  then,  we  are  told,  that  the  supplies  of  carbonic  acid  and 
ainrnonia  in  the  atmosphere,  though  enough  for  normal  vr-jeta— 
Hon,  are  "  very  limited."    Surely,  however,  they  still  remain  a^^^ 

before,  u  <j>tite  sufficient  for  the  purposes  of  agriculture  "  ?  Baroir- 
Liebig  answers  this  question  thus  : — 

"  But  the  weight  or  amount  of  the  crops  is  in  proportion  to  the  quantity-  --. 
of  food  of  both  kinds,  atmospheric  and  mineral,  which  is  present  in  the  sou  — = — 
or  conveyed  to  it  in  the  same  time.    By  manuring  with  ammoniacal  salts 

soil  rich  in  arailahle  mineral  constituents,  the  crops  are  augmented  in  thesan  w 

way  as  they  would  hare  been  if  we  had  increased  the  proportion  of  amnion 
in  the  air"- -lb.  77,  78. 

llow  neatly,  then,  has  Baron  Liebig  here  begged  the  whc^-  ~^B.e 

question  of  the  necessity  in  tu/riculture  as  distinguished  fro-  u 
natural  vegetation,  of  an  accumulation  of  available  nitrog^_  n 
within  the  toil  itself!    How  curiously,  too,  are  the  very  circur — ^_n- 
stances,  under  which  we  have  previously  been  told  that  our  crc^ 
are  the  rnost  capable  of  relying  upon  the  atmosphere  for  th^^^-  ir 
nitrogen — namely,  those  of  mineral  richness — now  made  the  ve*  -m~~\ 
conditions  under  which  the  supply  of  ammonia  to  the  soil  is 
most  ncressary  !    Thus,  speaking  of  the  supply  of  ammonia,  1=ie 
had  lu fore  said — 

"  that  it  may  he  even  superfluous,  if  only  the  soil  contain  a  sufficient  suf^^^f 
of  the  mineral  f>nd  of  plants,  when  the  ammonia  required  for  their  deveX«-»P" 
nient  will  be  furnished  by  the  atmosphere/'— 4th  edition,  p.  212. 

And  again  : — 

"  Tf  the  soil  bo  suitable,  if  it  contai?is  a  sufficient  quantity  of  alh*^**** 
phosphates,  and  sulphates,  nothing"  will  be  wanting;  the  plants  will  d^*"mve 
their  ammonia  from  the  atmosphere  as  they  do  carbonic  acid."  (!) — Tr-**™" 
lation  of  Letter,  Farmer's  Magazine,  vol.  xvi.  p.  611. 

But  not  only  does  Baron  Liebig  do  this,  but  he  claims  L*t>  118 
the  established  principle  of  his  previous  writings,  that  it  » 
"  wheat  "  distinctively,  that  ammonia  must  be  added  in  -t^ie 
manure.    Thus  he  goes  on  to  say  : — 

"  This  is  the  meaning  of  the  passages  above  quoted  from  my  work,  w^***^ 
tell  the  agriculturist  that,  in  order  to  raise  the  produce  of  his  land  abc*"**ei 
certain  point,  in  the  ca^e  of  such  plants  as  have  not  many  leaves— -fo*~  Jf?" 
ample,  of  wheat— \\&  must  add  ammonia  in  the  manure." — Principles,         4  ' 

Here,  then,  the  importance  of  nitrogen  in  the  soil  for  whete^*  38 
distinguished  from  other  crops,  is  claimed  as  a  conclusion 
blished  by  "  the  passages  above  quoted."    But  strange  to 
after  thus  attempting  to  claim  that  which  is  now  so  fa"*"  f° 
established  fact,  that  it  would  be  only  ridiculous  to  den^ 
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Baron  Liebig  in  the  very  next  page,  when  the  object  is  to  refute 
ou      statements,  and  not  to  claim  the  truth  as  his  own,  says  : — 

It  is  not  easy  to  understand  how  Mr.  Lawes  could  deduce  from  his 
results  the  conclusion, 4  that  nitrogenised  manures  are  peculiarly  adapted  for 
<A«    culture  of  wheat,1  ...  ."I 

INow,  it  so  happens,  that  in  "the  passages  above  quoted," 
not  one  word  was  said  of  such  plants  as  have  not  many  leaves 

 **for  example,  of  wheat."    The  reference  was  to  annuals 

cj^n^eratty ;  and  runs  thus — "The  food  contained  in  the  atmo- 
sxxfciere  does  not  suffice  to  enable  these  plants  to  obtain  their 
*x*a^rimum  of  size  in  the  short  period  of  their  life."  These 
"plaxits,  the  annuals,  include  of  course  equally  "  cerealia  and  the 
ominous  plants  which  we  cultivate"  of  which  Baron  Liebig 
told  us,  that  surely  they  "must  derive  their  carbon  and 
Nitrogen  from  the  same  source  whence  the  gramineae  and  legu- 
^ixaons  plants  of  the  meadows  obtain  them."    But  notwith- 
8t^Tiding  that  Baron  Liebig  has  told  us  in  so  many  forms  in  his 
previous  works,  that  the  nitrogen  supplied  by  the  atmosphere  is 
8r*fl3cient  for  the  purposes  of  agriculture,  and  also  that  tbe  cereals 
leguminous  crops  of  our  rotations  are  equally  independent 
S*^   nitrogen  in  the  soil  with  the  meadows,  he  now  tells  us  that 
meaning  in  those  previous  works  was,  that—  for  the  growth  of 
^^^tain  plants — "  for  example,  of  tvheat " — the  agriculturist  must 
ammonia  in  the  manure !   The  reader  will  judge  for  himself 
how  far  it  is  candid,  or  just,  or  strictly  consistent  with 
**t;h,  that  Baron  Liebig  should  now  seek  to  include  by  a  state- 
^^nt  of  general  principles,  and  by  stretching  and  explaining  the 
111  Waning  of  individual  sentences  of  his  previous  works,  facts  and 
^^^clusions  since  established;  and  which  are  not  only  funda- 
***  ^~*ttal,  as  leading  to  the  true  explanation  of  the  main  features  of 
^S^icnltural  practice,  but  which  are  further  flatly  contradicted  by 
^l^er  individual  sentences  of  his  works,  and  are,  by  the  concur- 
j^?**t  testimony  of  every  competent  writer  on  the  subject,  incon- 
*|^fcent  with  the  main,  prominent,  and  most  characteristic  features, 

*  lis  previously  promulgated  doctrines  ? 
^    -Another  instance  of  this  kind  will  come  to  light,  in  consi- 

^*"ing  Baron  Liebig's  comments  on  that  part  of  our  criticism 

*  his  views,  which  led  to  the  attack  on  our  experiments  and 
c°**clu8ion8  in  reference  to  the  growth  of  turnips.  In  one  of  our 
lepers  we  had  said : — 

But  it  is  at  any  rate  certain  that  phosphoric  acid,  though  it  forms  so 
iJ?*"  a  proportion  of  the  ash  of  the  turnip,  has  a  very  striking  effect  on  its 
£*o*tQ  when  applied  as  manure;  and  it  is  equally  certain  that  the  extended 
^Jr^vation  of  root  crops  in  Great  Britain  cannot  he  due  to  the  deficiency  of 
tjjj*  •ubttance  for  the  growth  of  corn,  and  to  the  less  dependence  upon  it  of 
*oot  crops,  as  supposed  by  Baron  Liebig."— Jour.  Roy.  Ayr.  Soc.  Eng.% 
'*       part  L  p.  35. 


Agricultural  C/wnUtry, 


This  comment  we  had  made  in  reference  to  a 
BaroD  Liebig's  **  Letters,"  wherein,  speaking  of  the  exhaustion  m 
phosphate  of  lime  and  alkaline  phosphates,  by  the  sale  of  Houm 

cattle,  &c,  ho  says: — 

"It  is  certain  that  this  incessant  removal  of  the  phosphates  must  tend  t= 
exhaust  the  land  and  diminish  its  capability  of  producing  grain.  The  Beta 
of  Great  Britain  are  in  a  state  of  progressive  exhaustion  fern  this  cause,  m 
is  proved  by  the  rapid  extension  of  the  cultivation  of  turnips  and  man 
wurzel — plants  which  contain  the  least  amount  of  the  pb 

THEREFORE  REQFl  liK  THE  SHAL1J£BT  QUANTITY  i 

Letter*,  3rd  edition,  p. 

On  this  sentence  we  farther  commented  thus: — 

"  Now,  we  do  not  hesitate  to  say  that,  however  small  the  quantity 

Shosphates  contained  in  the  turnip,  the  successful  cultivation  of 
I 


dependent  upon  a  large  supply  of  phosphoric  acid  in  the 

of  any  other  crop." 

Baron  Liebig  thus  meets  these  comments* — - 

**  No  one  surely  can  believe  that  my  statement  as  to  the  very  small 
portion  of  phosphates  in  turnips  is  untrue,  became  Mr.  La  wee  has  mi 
stood  the  meaning  of  the  sentences  afauve  quoted  from  my  work  My 
had  no  reference  whatever  to  the  manuring  of  turnips,  but  were  des 
direct  attention  to  the  difference  between  turnips  and  other  crops 
require  in  certain  periods  of  their  growth  more  phosphates  than  turni; 
With  reference  to  the  cultivation  of  prain,  I  wished  to  show  that  the  jp 
of  turnips  had  acquired  so  vast  an  extension  [the  italics  are  Bar< 
ow«],/or  this  renwn*  namely,  because  the  evil  foses  so  little  of  the 
by  the  cultivation  of  the  latter  crop*    Turnips  are  so  advantageous  ii» 
rotation,  only  because,  whatever  he  the  quantity  of  phosphates  contained 
the  soil,  or  added  to  it  in  the  manure,  they  leave  in  the  soil  so  Iarg** 
amount  of  these  in  dispensable  salts  for  other  crops,  which  require  a 
supply  of  them/'— Principle*,  p.  131. 


re  alio* 

letter 
en  to  » 


Further  on,  Baron  Licbig  refers  the  reader  to  the  Je 
question  to  justify  the  meaning  which  he  has  now  given  I 
sentence,  and  to  convince  him  that  we  do  not  do  him  jubU^ 
Now  we  must  say,  that  we  have  carefully  re-perused  tfa- 
letter;  and  still  maintain,  not  only  that  if  language  has  »T 
meaning  at  all,  we  hare  done  Baron  Liebig  entire  justice  in 
interpretation  of  his  sentences  which  we  have  given  of  tbf"n 
but  that,  by  no  interpretation  of  language,  can  the  meaning  whlC 
he  now  claims  be  given  to  his  argument  as  formerly  put  for*  J 
Certainly  nowhere  have  we  previously  been  told  by  Baron  Lie^i 
that— 

"  Turnips  are  so  advantageous  in  a  rotation  only  because  whatever 
gimntity  of  phosphate*  contained  in  the.  *oilt  or  added  ta  it  in  the  i» 
they  leave  in  the  mil  so  large  an  amount  of  these  indispensable  mlts  fvf 

crops  which  require  a  larger  supply  of  them," 

Baron  Liebig's  statement  was,  not  only  that  turnip* 
14  plants  which  caniain  the  least  amount  of  the  phosphates,* 
that  they  "  therefore  require  the  smallest  quantity  for  t 
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me»t.w  Whereas  our  own  statement  is,  that,  however  small  the 
amount  of  phosphates  contained  in  a  removed  crop  of  turnips, 
thej  require  a  large  amount  for  their  development.  And  if  it  be 
x^»lly  a  well-established  fact,  that,  however  small  may  be  the 
qia  entity  of  phosphates  lost  to  the  farm  by  the  growth  of  turnips, 
stil]  a  much  more  liberal  supply  is  required  in  the  soil  for  the 
production  of  a  full  agricultural  crop  of  them  than  of  corn,  it  is 
tlx^n  obviously  impossible,  that  the  progressive  exhaustion  of 
tho  phosphates,  could  be  the  cause  of  the  extended  cultivation 
°F  the  former.  In  fact,  there  can  be  no  doubt,  that  such  an 
exhaustion  would  be  a  far  greater  obstacle  to  the  extended 
growth  of  roots  than  of  corn. 

But  with  regard  to  the  effects  of  an  artificial  supply  of  pho«- 
ph^tes,  upon  the  increased  production  of  corn,  Baron  Liebig 
ftir-ther  says : — 

.  **  We  believe  that  the  importation  of  1  cwt.  of  guano  is  equivalent  to  the 
importation  of  8  cwt.  of  wheat;  the  hundredweight  of  guano  assumes  in  a 
tioa©  which  can  be  accurately  estimated,  the  form  of  a  quantity  of  food 
^^Tesponding  to  8  cwt.  of  wheat.  The  same  estimate  is  applicable  in  the 
valuation  of  bones. 

**  If  it  were  possible  to  restore  to  the  soil  of  England  and  Scotland  the 
J^o^phates  which  during  the  last  fifty  years  have  been  carried  to  the  sea  by 
Thames  and  the  Clyde,  it  would  be  equivalent  to  manuring  with  millions 
Hundredweights  of  bones,  and  the  produce  of  the  land  would  increase  one- 

or  perhaps  double  itself,  in  Jive  to  ten  years. 
**  We  cannot  doubt  that  the  same  result  would  follow  if  the  price  of  the 
Pto&iio  admitted  the  application  of  a  quantity  to  the  surface  of  the  fields,  con- 
ttt^f9tnp  as  much  of  the  phosphates  as  have  been  withdrawn  from  them  in  the 
*****  period.99— Letters,  3rd  edition,  pp.  528,  524. 

Bow  far  the  increase  in  the  produce  of  wheat  by  the  use  of 
9^a,nof  is  measureable  by  the  amount  of  phosphates  it  supplies, 
the  practical  farmer  may  judge  from  the  fact,  to  which  we  have 
before  called  attention,  namely,  that  1  cwt.  of  Peruvian  guano  will 
***Pj>ly  as  much  phosphoric  acid  as  would  be  contained  in  about  18 
v***hels  of  wheat  and  their  equivalent  of  straw,  say  1800  lbs. ;  and 
of  nitrogen,  1  cwt.  of  guano  will  contain  about  as  much  as 
*i  fasliels  of  wheat  and  1100  lbs.  of  straw.  But,  if  we  were  to 
^stune,  that  one-third  to  one-half  only,  of  the  nitrogen  supplied 
manure  for  the  growth  of  wheat  will  be  obtained  in  the  in* 
P^ase  produced,  we  should  have  on  this  calculation,  4  or  5 
bushels  of  corn,  and  their  equivalent  of  straw,  by  the  use  of 
1  cwt.  of  guano.  We  leave  it  with  the  practical  man  to  judge, 
defter  these  last  amounts,  or  18  bushels  of  corn  with  their 
^iyalent  of  straw,  are  more  nearly  those  which  in  practice  he 
Stains,  by  the  use  of  1  cwt.  of  guano. 
Baron  Liebig  proceeds : — 

, U  If  a  rich  and  cheap  source  of  phosphate  of  lime  and  the  alkaline  phos- 
phites were  open  to  England,  there  can  be  no  question  that  the  im^Tta&ta& 
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of  foreign  corn  might  be  altogether  < 
these  materials  England  ia  at  present 
the  high  price  of  guano  and  or  bones  \ 
in  sufficient  quantity.    Every  year  the  trade  fa" 
decrease,  or  their  price  will  rise  as  the  demand  for  tl 

"  According  to  these  premises,  it  cannot  be  dispotad,  that  the  I 
pense  of  Great  Britain  for  the  importation  of  bones  and  geano  b  aqrifalamt  SW- 
a  duty  on  corn :  with  this  difference  only,  that  the  amount fcpatt to  fonigne 
in  money." — Letters,  3rd  edition,  p.  624. 

Now,  that  the  efficacy  of  goano  for  the  production  of  oom, 
measurable  by  the  amount  of  nitrogen,  and  not  by  that  of  f " 
phosphates  which  it  contains,  ia  obvious  from  the  simple  f 
that  guano  rich  in  nitrogen  and  relatively  poor  in  ]_ ' 
will  command  twice  the  price  of  one  rioh  in  phosphates  i 
in  nitrogen, — and  that  all  experience  shows,  that  the 
guano,  rich  in  nitrogen  and  relatiyely  poor  in  phosphates, ;, 
a  far  greater  increase  of  grain,  than  that  which  fa  cheeper  i 
contains  more  of  phosphates  and  less  of  nitrogen.  Ikit, 
regard  to  Baron  Liebig's  supposition,  that  if  a  rich  and  < ' 
source  of  phosphates  were  open  to  England,  we  might  i 
independent  of  foreign  corn, — since  we  now  have  son  a 
this  opinion  is  worth  a  little  examination.   It  fa  probable,  1 
from  20  to  25  per  cent,  of  the  oorn  consumed  in  this  i 
try,  is  imported.    Unless,  therefore,  a  very  mnch  larger  f 
of  land  were  brought  under  corn,  it  is  obvious 'that,  to  r" 
happy  result,  the  whole  of  our  wheat-fields  must  yield  i 
fourth  to  one-third  more  produce  than  at  present.  Whether 
not  it  is  likely  that  they  would  do  so  by  the  use  of  vkmpkmt** 
even  if  mixed  with  alkalies,  provided  that  availabf 
were  not  at  the  same  time  added,  the  results  not  only  of  our  < 
experiments,  but  the  experience  of  every  farmer  who  has  < 
used  an  artificial  manure,  will  at  once  decide. 


Fourthly.  We  proceed  to  illustrate,  by  condensed  sumniari  ^ 
of  an  immense  mass  of  experimental  results,  and  a  very  rap 
consideration  of  their  indications,  some  prominent 
nected  with  the  action  kof  manures  on  the  different 
rotation,  and  with  the  chemical  circumstances  involved  in  h\\o 
and  a  rotation  of  crops  itself.   The  first  of  these  point*,  mm* 
the  characteristic  action  of  certain  constituents  of  manure,  tip 
the  most  important  crops  grown  in  our  rotations,  is 
in  Table  IV.  which  follows ;  and,  for  the  purpose  in 
wheat  and  barley  have  been  selected  as  cereals  ;  in 
root-crop ;  and  beans  and  clover  as  leguminous  crops. 
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Summary — showing  the  characteristic  action  of  Manures  on  different  Crops. 
Average  Increase  of  Produce  per  Acre. 


Cereals. 

Leguminous 
Crops. 

Roots. 

Constituent*  of  Manure 
(wed  separately  or  combined). 

Wheat. 

Barley. 

Beans. 

C  over 

Turnips. 

Woburn. 

Ho'kham. 

Bothamsted. 

S.  PoUw,  toda,  and  mas ne*ia  .  . 
I.  Superphosphate  of  Lime    .   .  . 
A.           Do.         do.     add  potass 

lb*. 

lbs. 

370 
4H 

lb*. 

none 
243 

lbs, 

a«s 

iion?. 

lbs. 
1017 
]-:\ 
US 
u&o 

tone.  c\ht*t 

7  "  U 
5  0 

i.  Nitrate  of  soda  

fl  Ammonia  solU 

1340 

1  si-; 

1714 

1670 
3317 

u 

none. 

0  "  t| 

f*  Ammonia  aalts  and  taperpbo*- 
pknte  of  lime  .  

&  Ammonia  salt*,  potass,  and  super- 
phosphate  of  lime  ..... 

f 
1 

san 

mt 

[joue. 

S  Iftj 

»   \wp  -m:..  -.Cr  -i.  ^>tass,soda,  m 
nesLa^aod  superphosphate  of  lUne 

[ 

1787 

mi 

toss 

3LM 

1367 

U25 

10  121 

Each  entry  in  this  Table  (IV.)  indicates  the  average  increase 
per  acre,  calculated  from  all  the  eligible  cases,  throughout  the 
entire  series  of  experiments  with  the  different  manures  and 
crops,  and  extending  in  most  cases  over  several  seasons.  The 
method  of  the  estimation  is  as  follows: — namely,  to  find  the 
increase  in  each  case,  or  average  of  a  number  of  cases,  occurring 
in  any  particular  season,  by  deducting  from  the  total  produce  by 
any  particular  constituent  or  constituents  of  manure,  that  obtained 
without  manure  in  the  same  season ;  and  an  annual  average  is 
then  taken  of  the  increase  thus  obtained  for  the  several  seasons. 

In  such  a  summary  as  is  here  given,  we  cannot  expect  exact 
numerical  consistency  in  apparently  similar  cases,  the  results 
being  frequently  the  average  of  very  different  seasons ;  but  we 
cannot  fail  to  find  prominent  indications  of  the  broad  and 
characteristic  effects  of  the  respective  manurial  constituents  or 
combinations  on  the  respective  crops.  And,  since  in  all  cases 
(unless  otherwise  mentioned)  the  indications  are  derived  from 
the  growth  of  the  crop  in  the  manner  described  through  several 
consecutive  seasons,  the  characteristic  exhaustion  or  requirements 
of  the  several  crops,  is  thus  very  prominently  brought  to  view. 

The  manurial  conditions  enumerated  in  the  first  column  of  the 
Table,  may  be  further  explained,  thus : — 

Potass,  soda,  and  magnesia — generally  as  sulphates. 

Superphospliate  of  Urns — bone  ash,  mixed  with  water,  and 
decomposed  by  three-fourths  of  its  weight  of  sulphuric  acid, 
sp.gr.  17. 

Nitrate  of  soda — commercial. 
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Ammonia-salts — generally  an  equal  mixture  of  the  sulphate 
and  muriate. 

As  already  stated,  the  crops  brought  into  this  review,  are 
wheat,  barley,  beans,  clover,  and  turnips.  In  the  case  of  wheat, 
barley,  and  beans,  the  figures  represent  the  total  increase,  in- 
cluding both  corn  and  straw  ;  in  that  of  clover  the  increase  is 
given  for  the  sake  of  comparison,  in  somewhere  about  the  same 
state  of  dryness  as  the  corn  crops,  that  is,  to  the  weight  of  the 
dry  matter,  one- sixth  is  added  for  water ;  and  that  of  turnips 
includes  both  leaf  and  root  in  the  fresh  state  as  weighed. 

At  an  earlier  page,  we  have  called  attention  to  the  fact,  that 
Baron  Liebig  being  obliged  to  admit  the  influence  of  nitro- 
genous manures  in  yielding  an  increase  in  wheat,  in  the  experi- 
ments on  our  own  land,  asserts  that  such  a  result  is  simply  ex- 
ceptional ;  and  that  from  it  no  conclusion  can  be  formed  as  to 
what  would  happen  on  any  other  lands  of  different  quality.  On 
this  point  he  says : — 

"  Had  Mr.  Lawe9  asserted  that  on  his  land,  in  the  given  circumstances, 
ammonia  and  ammoniacal  salts  were  found  to  be  peculiarly  favourable  to  the 
growth  of  wheat ;  and  that,  leaving  the  price  out  of  view,  these  salts,  under 
similar  circumstances,  formed  the  best  manure,  he  would  simply  have  con- 
firmed a  result  predicted  by  theory.  But  even  if  his  assertion  had  been  given 
as  an  entirely  new  discovery,  there  could  have  been  nothing  urged  against  it. 

"  If,  however,  we  extend  his  conclusions  to  any  other  land  of  different 
quality,  and  placed  in  different  preliminary  conditions,  it  will  appear  entirely 
erroneous ;  for  it  can  be  proved,  in  the  same  way,  and  by  facts  equally  de- 
cisive, that  ammoniacal  salts  alone,  in  thousands  of  wheat-fields,  do  not  in 
the  smallest  degree  increase  the  produce ;  and  that,  in  thousands  of  other 
such  fields,  these  salts  do  increase  the  produce  for  a  year,  or  for  two  years, 
and  that  then  a  farther  application  of  them  to  the  same  land  is  found  to  be 
utterly  without  effect." — Principles,  pp.  79,  80. 

"  The  results  of  Mr.  Lawes  have  no  value  for  his  next-door  neighbour,  nav, 
they  have  no  value  for  himself ;  for  the  recipe,  to  which  he  comes,  only 
applies  to  his  own  lands,  and  to  them  only  in  so  far  as  experimented  on,  and 
only  for  a  very  limited  number  of  years." — lb.,  p.  106. 

"  It  is  altogether  incomprehensible  that  it  should  never  for  one  moment 
have  occurred  to  Mr.  Lawes,  that  in  Germany,  France,  and  even  England, 
all  land  has  not  the  quality  of  his  land."—  Ib.,  p.  120. 

Now  we  have  already  shown,  that  whatever  the  natural  quality 
of  our  own  land,  and  whatever  the  amount  of  its  annual  produce 
under  the  influence  of  natural  soil  and  season  supplies,  it  was 
nevertheless,  in  an  agricultural  sense,  in  a  state  of  corn-exhaus- 
tion, induced  by  the  growth  of  a  succession  of  crops  in  the 
ordinary  course  of  fanning,  but  without  receiving  any  manure 
after  the  commencement  of  the  course.  It  was,  indeed,  brought 
into  such  a  state,  that  its  produce  was  very  far  below  that  which 
might  have  been  obtained  by  the  ordinary  means  of  restoration. 
We  further  maintain,  that  the  nature  of  the  exhaustion  which 
the  results  of  these  experiments  showed  our  field  to  have  un- 
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dergone,  is  precisely  that  which  all  experience  shows  (and  we 
have  perhaps  opportunities  of  information  on  this  point  second 
*o  none)  to  be  the  characteristic  exhaustion  induced  by  the 
gro-wth  of  grain  in  an  ordinary  course  of  rotation  with  home- 
manuring.  Upon  the  truth  of  this  statement,  which  no  results 
°^  direct  experiments  on  individual  soils  would,  we  suppose,  be 
^druitted  to  substantiate,  we  are  content  to  rest  the  credit  and 
validity  of  our  conclusions  generally.    More  than  this,  however, 

insinuated  by  Baron  Liebig, — namely,  that  we  would  recom- 
^^ndthe  application  of  ammonia-salts  alone,  on  all  soils,  and 
fox*  the  continuous  growth  of  corn  as  an  agricultural  practice — 
shave  never  done* 

Some  of  the  results  in  Table  IV.  will,  however,  distinctly 
8QOf,  that  the  "  recipe,"  as  Baron  Liebig  calls  it,  to  which  we 
c°*ne,  is  not  only  applicable  to  our  u  own  lands,  and  to  them 
0t*ly  in  so  far  as  experimented  on,"  but  that  this  so-called 
'"T^ecipe"  is  applicable  to  ' '  other  land  of  different  quality." 
Tfavi8,  under  the  head  of  wheat,  we  have  in  the  Table  the  results 
°t>t^ained  by  the  use  of  ammonia-salts,  both  used  alone  and  with 
a         supply  of  minerals,  not  only  on  our  own  land,  but  on 
****M;of  the  Duke  of  Bedford  at  Woburn,  and  of  the  Eari  of 
^-■^icester  at  Holkham  ;  and,  as  will  be  seen  by  the  description 
S^'Ven  below,  the  character  of  the  soil  in  these  two  cases  differed 
v^i-y  widely,  both  from  each  other,  and  from  our  own.    In  some 
P^i'ticulars,  indeed,  especially  at  Woburn,  the  description  of  land 
la  ^uch,  that  if  it  were  possible  to  get  from  any  ordinary  culti- 
v**fc«d  soil,  a  result  inconsistent  in  the  main  with  our  own,  we 
^ould,  according  to  the  notions  of  Baron  Liebig,  be  led  to  anti- 
ClJ>ate  that  it  would  be  here  most  manifest. 

^The  soil  upon  which  the  experiments  at  Holkham  were  made 

described  by  Mr.  Keary,  as  a  "  light,  thin,  and  rather  shallow 
rown  sand-loam,"  but  "  resting  upon  an  excellent  marl,  which 
^***tains  a  large  quantity  of  calcareous  matter."    Mr.  Keary  adds, 
r***t  he  finds  these  light  sand-loams,  with  the  above  subsoil,  "  to 

most  productive  and  grateful  for  hujh-j arming" 
^^ilr.  Baker  describes  the  land  allotted  to  the  experiments  at 
*^oburn  as  follows  : — 

^  **The laud  these  experiments  are  upon  is  what  I  consider  a  very  poor 
?^*cription  of  sand,  on  a  particularly  wild  sandy  subsoil.    .    .    .    The  land 
been  farmed  on  the  four-course  system,  I  think  I  may  say  for  twenty-five 
and  previous  to  that  was  open  heath-land.    This,  as  you  are  aware,  ig> 
e  Jftii  season  the  plots  have  had  wheat  upon  them  in  succession." 

^ow,  if  it  were  possible  to  find  a  soil  under  ordinary  culti- 

~*  On  this  point,  see  Report  of  Experiments  on  the  Continuous  Growth  of 
n*at  at  Holkham  Park  Farm,  in  the  last  number  of  the  Journal  of  the  Royal 
*&ricultaral  Society. 
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vation,  which,  according  to  the  suppositions  of  Baron  Liebig, 
would  not  give  an  increase  of  wheat  by  the  use  of  ammonia-salts 
alone,  and  that  would,  after  one  or  two  years,  be  strikingly  bene- 
fited by  the  application  of  mineral  manures,  it  would  be  such  a 
one  as  has  been  last  described.  Let  us  see  what  are  really  the 
facts  of  the  case. 

By  the  use  of  ammonia-salts  alone,  an  average  total  increase 
was  obtained  of  corn  and  straw,  per  acre,  at  Woburn  of  1640  lbs., 
at  Holkham  of  1442  lbs.,  and  at  Rothamsted  of  1714  lbs.  And 
when  to  the  ammonia-salts  a  liberal  supply  of  minerals  was  added, 
the  total  increase  was  at  Woburn  1757  lbs.,  at  Holkham  2357  lbs., 
and  at  Rothamsted  3035  lbs. 

As  the  seasons  in  which  these  results  were  obtained  were  not 
the  same  in  all  the  three  cases,  no  precise  quantitative  com- 
parisons can  be  made.  But  it  is  a  curious  fact,  that  the  soil  at 
Holkham,  which  is  described  as  having  at  any  rate  a  good  sub- 
soil, was  more  benefited  by  the  addition  of  a  full  supply  of 
mineral  constituents,  than  that  at  Woburn.  And  again,  the  soil 
at  Rothamsted,  assumed  by  Baron  Liebig  to  be  so  exceedingly 
rich  in  minerals,  gave  a  greater  increase  by  the  combination  of 
minerals  with  a  large  supply  of  nitrogen,  than  was  obtained  m 
either  of  the  other  cases. 

It  is  established,  then,  by  direct  experiment,  that  the  fC  recipe  " 
to  which  we  come,  is  not  applicable  only  to  our  "  own  lands,  axr^ 
to  them  only,  in  so  far  as  experimented  on."    And  also,  that>  ^ 
we  extend  our  conclusions  to  "  other  land  of  different  qualitj^Bi 
they  are  not  necessarily  a  entirely  erroneous." 

Let  us  now  again  refer  to  Table  IV.,  and  contrast  the  effe^^*5** 
of  characteristic  constituents,  or  combinations  of  manure,  up^^>°^ 
some  of  the  most  important  of  our  agricultural  crops ;  which  nta  *^ 
in  relation  to  each  other,  in  very  different  positions  inourrotatior~«— 

We  may  first  premise,  that  owing  to  the  great  liability 
disease  in  the  leguminous  crops,  especially  when  grown  co»  ^te- 
nuously, the  final  produce  in  their  cases,  was  frequently  mtd^^yk 
less  than  it  promised  to  be  in  the  earlier  stages  of  growth.  H^BTh® 
results  relating  to  beans,  are  in  all  cases  the  averages  of  seve^^31*' 
seasons  ;  and  those  in  regard  to  clover,  apply  to  the  years  18^- 
1851,  and  1852,  wheat  being  the  crop  in  the  intermediate  yeg~  ***** 
and,  as  will  readily  be  understood,  the  produce  in  the  last  tz^^*0 
years,  was  both  meagre  and  irregular  as  compared  with  that     ^  on 
the  same  plots  in  1849,  in  which  season  the  crop  was  very  lar-  -^ffp« 
For  the  sake  of  comparison  with  the  other  crops,  the  cloveC^1* w 
given  as  before  stated  in  about  the  same  state  of  dryness  as 
bean 8  and  grain  ;  that  is  to  say,  the  figures  in  the  Table  reprea^^611* 
the  dry  substance,  plus  one-sixth  of  its  weight  of  water. 

It  will  be  observed,  that  with  a  manure  of  potass  alone,  &e 
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3  leguminous  crops  (beans  and  clover)  give  a  very  considerable 
trage  increase ;  though  in  individual  years,  it  was  very  much 
i^ter  than  this  Table  of  averages  merely,  would  indicate. 
A.  mixture  of  potass,  soda,  and  magnesia,  gave  with  wheat  a 
all  average  increase ;  with  the  other  cereal,  barley,  there  was, 
:ing  the  average,  a  slight  deficiency.  But,  with  beans  and 
crer,  the  supply  of  alkalies  again  produced  a  considerable 
rease. 

SuperphospJtcde  of  lime  has  given  with  the  cereals  a  small  ave- 
pe  increase ;  with  beans  on  the  average  there  was  a  deficiency  ; 
h  clover  a  very  small  increase ;  but  with  turnips,  an  average 
rease  of  total  produce,  of  more  than  7  tons. 
When  to  the  superphosphate  of  lime,  potass  is  added,  we  get 
jcely  any  increase  with  wheat ;  a  notable  increase  with  beans, 
>ugh  less  than  when  the  potass  is  used  alone  ;  a  very  consider- 
ie  increase  with  clover;  and  with  turnips,  a  considerable 
>ugh  less  amount  of  average  increase  than  when  the  super- 
osphate  of  lime  was  used  without  the  potass. 
titrate  of  soda  gives  with  both  the  cereals,  a  very  considerable 
urease. 

-Ammonia-salts  also  gave  with  both  the  cereals  a  large  amount 
increase ;  and  in  the  case  of  wheat  a  large  increase  was  ob- 
ined  in  other  soils  of  very  different  quality,  as  well  as  at 
>thamsted.  These  ammonia-salts,  however,  which  with  the 
Htparatively  speaking  deficiently  nitrogenised  cereals,  give 
ch  a  large  amount  of  increase — with  the  highly  nitrogenous 
gtiminous  crops,  give  in  the  case  of  the  beans  an  average  of 
lj  14  lbs.  of  increase,  and  with  the  clover  an  actual  deficiency. 
Ul  with  turnips,  we  have  with  ammonia-salts  alone,  only  a  few 
Jidredweights  of  increase,  instead  of  more  than  as  many  tons 
th  superphosphate  of  lime. 

The  mixture  of  superphosphate  of  lime,  with  a  large  amount 
ammonia-salts,  gives  a  greater  increase  with  both  wheat  and 
Kiey,  than  the  ammoniacal  salts  alone.  With  the  leguminous 
*>pe,  the  mixture  of  ammonia-salts  and  superphosphate  of  lime, 
elds  scarcely  any  beneficial  result ;  indeed  with  clover  there  was 
*  the  average  a  deficiency.  It  should  be  stated,  however,  that 
*ing  to  the  even  injurious  effects  observed  on  the  use  of  much 
xunonia-salt  with  the  leguminous  crops,  the  quantities  employed 
acre  in  the  cases  in  question,  were  much  less  than  with  the 
In  the  turnip  experiments,  also,  much  less  of  these 
was  found  to  be  appropriate  than  in  the  case  of  the  grain 
"°p8,  and  less  therefore  was  employed.  But,  although  when 
!®i  alone,  the  ammonia  salts  gave  no  appreciable  result 
lth  turnips,  yet,  when  mixed  with  superphosphate  of  lime,  they 
Crfcaaed  the  efficacy  of  the  latter  manure.    Thus,  we  have  mtbi 


66 


Agricultural  Chemistry. 


the  mixture  8}  tons  of  increase  of  gross  produce  of  turnips, 
instead  of  only  about  7  tons  with  the  superphosphate  of  lime  alone. 

The  addition  of  potass,  to  a  mixture  of  superphosphate  of  lime 
and  ammonia-salts,  gives  a  still  further  increase  in  the  case  of 
wheat.  With  the  leguminous  crops  we  have  now  again  a  striking 
increase,  and  with  turnips  also  a  considerable  one. 

Lastly, — a  mixture  of  ammonia-salts,  and  a  liberal  mineral 
manure,  containing  superphosphate  of  lime,  potass,  soda,  and 
magnesia,  gives  a  very  large  increase  with  every  one  of  the  crops 
enumerated.  The  efficiency  of  a  full  supply  of  minerals,  is  seen 
to  be  very  marked  even  with  the  cereals,  when  mixed  with  a 
large  amount  of  the  ammonia-salts ;  that  is  to  say,  when  these  crops 
(the  cereals)  are  supplied,  at  the  same  time,  with  such  an  amount 
of  available  nitrogen  in  the  soil,  as,  when  used  alone,  gives  a  produce 
nearly  equal  to  that  which  would  usually  have  been  obtained  in  the 
ordinary  course  of  farming.  The  mixture  of  ammonia-salts  with  mi- 
nerals does  not,  however,  with  the  leguminous  crops,  give  obviously 
more  increase  than  when  the  minerals,  and  especially  the  alkalies, 
Are  used  alone.  And  again,  the  result  upon  the  turnips,  of  this 
foil  manuring — supplying  as  it  does  every  important  constituent 
except  carbon — shows  that  which  we  have  elsewhere  so  promi- 
nently maintained,  namely,  that  however  much  the  healthy  growth 
of  that  crop  may  be  increased  by  the  direct  use  of  mineral,  and 
especially  of  phosphatide  manures,  yet  that  for  the  production  of  a 
full  crop,  a  supply  within  the  soil  of  matter  for  organic  formations 
is  quite  essential.  And,  had  we  further  extended  the  plan  of  our 
Table,  so  as  to  show  the  effect  of  manures  containing  carbon,  it 
would  have  been  seen,  as  we  have  frequently  pointed  out,  that 
such  a  supply  yielded  a  more  characteristic  result  with  the  roots 
than  with  the  other  crops  enumerated ;  next  in  order  to  these 
would  probably  come  the  leguminous  crop9  ;  and  lastly  the  cereals, 
which  are  benefited  least  of  all  by  manures  supplying  carbon. 

A  study  of  this  condensed  summary  of  a  vast  collection  of 
facts  will  be  found  highly  instructive.  As  a  main  result  it  may 
be  stated,  that  the  average  increase  by  mineral  constituents  alone 
is  with  the  cereals  less  than  200  lbs.,  whilst  with  the  legu- 
minous crops,  even  though  including  so  many  cases  of  really 
deficient  crop  arising  from  disease,  it  is  four  times  as  much.  On 
the  other  hand,  the  cereal  grains  give  an  average  of  from  1800 
to  2000  lbs.  of  increase  with  nitrogenous  manure  alone ;  whilst 
by  the  same  manure  there  was  on  the  average,  with  the  legu- 
minous crops,  not  any  increase  at  all.  Then  again,  with  turnips, 
we  have  by  mineral  manures  alone,  an  average  increase  of  gross 
produce  of  about  G\  tons,  but  with  ammonia-salts  alone,  of  only 
as  many  hundredweights.  But,  if  we  still  more  carefully  compare 
the  action  of  the  several  individual  constituents  of  manure,  with 
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of  their  several  combinations,  upon  each  of  the  different 
s,  and  then  again  crop  with  crop,  we  cannot  fail  to  see,  that  the 
ral  result  is  entirely  inconsistent  with  that  which  the  collec- 
analysis  either  of  the  crops  or  of  their  ashes  would  have  led 
>,  had  this  alone  been  our  guide.  Finally,  in  prominent 
ne,  the  result  is  seen  to  be,  that  for  the  production  of 
Ased  growth,  nitrogenous  manures  had  the  most  characteristic 
i  upon  the  cereals;  potass  on  the  leguminous  crops;  and 
shales  on  turnips. 

lere  is  another  very  important  point  connected  with 
tring,  in  relation  to  which  we  must  here  adduce  some 
rimental  evidence,  and  a  few  observations.  The  subject, 
>ver,  is  one  which,  both  from  its  extent  and  importance, 
knds  that  a  separate  paper  should  be  devoted  to  its  elucida- 
;  we  therefore  the  less  regret  the  very  cursory  manner  in 
h  we  are  now  obliged  to  notice  it. 

le  point  to  which  we  refer,  is  the  constantly  observed  fact 
ighout  our  experiments,  that,  although  an  increased  produc- 
of  the  cereal  grains  (the  main  saleable  produce,  and,  as  it 
t,  the  final  product  to  which  all  farming  operations  tend)  is 
attainable  in  agriculturally  adequate  amount,  by  the  accu- 
rtaon  of  available  nitrogen  within  the  soil  itself, — yet,  in  no 
have  we  recovered  in  the  increase  of  crop  obtained,  as  much 
igen  as  was  supplied  to  the  soil  in  manure.  Now,  if  it  be 
ed,  that  increase  of  the  cereal  grains  in  agricultural  quantity, 
sentially  connected  with  the  supply  to  the  soil  of  much  more 
>gen  than  is  recoverable  in  the  increased  produce  obtained, 
ill  be  obvious,  that  we  have  here  a  fact,  which  must  funda- 
tally  affect  the  views  we  entertain  as  to  the  principles  in- 
ed,  not  only  in  direct  manuring,  but  in  those  other  main 
ares  of  agricultural  practice,  which  are  had  recourse  to  with 
same  result. 

a  relation  to  this  subject,  we  have  in  our  various  papers,  pro- 
entry  called  attention  to  several  of  the  main  facts  which  our 
eriments  have  brought  to  light.  Thus,  we  have  shown  that, 
r  supplying  to  the  soil  twice  or  thrice  as  much  nitrogen  as 
1  obtained  in  the  increase  yielded,  there  was  in  the  succeeding 
r,  either  no  increase  whatever  due  to  the  nitrogen  not  recovered 
he  year  of  its  application,  or  that  such  increase  in  the  second 
ri  if  any,  was  not  only  extremely  small,  but  that  it  occurred 
f  when  the  application  of  the  previous  year,  had  been  obviously 
1  excessive  in  relation  to  the  climatic  or  other  circumstances 
powth  of  the  particular  season.  We  have  also  called  especial 
totion  to  the  fact,  that  the  increase  produced  by  a  given 
°mit  of  nitrogenous  supply  is  very  variable,  according  to  \li<& 
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variations  of  season,  and  of  other  coincident  conditions  of  f  ] 
growth  and  ma  to  ration  of  the  crop. 

ButT  Baron  Liebig  in  his  criticisms  equally  ignores  oor  farr«3 
our  observations,  and  our  conclusions  regarding  them  !  Wt*A 
view  of  maintaining  that  the  increase  of  produce  obtained  w*m- 
not  proportional  to  the  supply  of  ammonia  by  manure,  acid  cf*^ 
sequent ly  that  the  results  of  our  own  experiments  demonstrate^ 
the  contrary  of  that  which  he  alleges  we  have  concluded  fro** 
then i,  Baron  Liebig  compares  the  increase  by  a  given  a  meant  ,f-*[ 
ami  ,  ni;i  in  dlrTemjii  $ea$vn&7  without  any  reference  eith< 
van/nKj  character  vf  tho$6  tomvn*t  or  to  the  fact,  that  in  rccerdit*Jf 
the  experiments  of  which  he  treats,  we  had  ourtetvm  mfl&d 
part  len  hi  r  u  tte  u  f  ion  hoih  to  the  art  it,  if  in  nations  p  andi  •  /J  i 

enct  t*j  ttlf,  fhr  ft  >  u  lf#  in  7 1  test  ion ,  Th i\ s  he  sel  act  s  for  his  p  urpc#^ 
results  obtained  in  the  several  seasons  of  1841,  1845, and  1$*©  } 
and  shows  that  in  the  last  (1846),  the  increase  obtain*  i 
given  amount  of  ammonia-salte  in  manure,  was  once  and  a  hf*^ 
or  twice  as  great  as  in  the  other  cases*  In  reference  to  tl*  ^ 
very  point  we  had  said  ; — 

"It  should  be  remember t* 3,  b&WWT,  tbai  ne  the  wmon  of  l*4fl  WU  nun*- 
than  usual! j  favourable  to  the  yroduction  of  corn,  any  e*lcuIaU\ntf  foul  A** 
upon  the  r«*ulta  of  that  yenr  mtyht  lend  fa      omr  t*g*ffl*fa  ti&K 
rnonut  would  pftfdmm  in  an  aivrage  yf  years."— Jvur,  Ray.  Apr,  " 
vol.  viiL  purt  i.  p.  247* 

Again,  speaking  of  the  total  amount  of  ammoniacal 
added  to  one  of  our  plots  (10a),  in  six  years,  he  says:— 

"  But  m  the  whole  W>0  lbs.  was  not  added  in  one  year,  but  in  ] 
duriiiif  six  years,  the  soil  Item  1110  eftcfa  year  richer  in  tht>m  thsn  it  1 
precetlin^.    There  remained  n  residue  from  the  previous  ymrw  n 
annual  11  y  iucrtiasfd  by  the  portum  newly  ndded,1' — Principle* f  p„ 

H'k  then,  in  direct  contradiction  to  the  evidence  of  our 
ments,  goes  on  to  deduct  from  the  amount  of  nitrogen 
to  the  soil  in  each  year,  that  amount  which  he  BnppOtfl  \ 
tained  in  the  increase  of  crop  obtained  by  it;  he  assail 
the  remainder  accumulates  from  year  to  year,  as  a  residue  in 
soil,  the  amount  of  which  residue,  taken  together  with 
the  salt  newly  added,  is  to  be  considered  as  the 
ammonia-salts  yielding  the  increase  of  any  particular  1 
this  way,  by  bringing  forward  from  year  to  year  an  ass 
efficient  residue,  which  our  experiments  prove  did  not  ext 
calculates  the  increase  of  produce  in  the  sixth  year  as  ^ 
1592  lbs.  of  ammonia-salts !— though  400  lbs,  only  wr 
amount  added  as  manure  in  that  year.    In  this  wa 
arrives  at  the  cone  I  union,  that  the  produce  for  a  given  i 
nitrogen  steadily  ditninitthed  /    He  says; 

«£*tt  it  h  and  rt  WHPlfl  Hwlmiahhj  certain  f  t 
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sal  salts  in  the  soil,  whatever  might  be  its  exact  value,  must  have  increased 
fro ixi  year  to  year,  because  ammoniacal  salts  (sulphate  of  ammonia  and  sal- 
ammoniac)  are  not  volatile,  and,  consequently,  the  unconsumed  portion ,  or 
eror»,M,  must  have  remained  in  the  soil.  Thin  being  assumed  as  a  fact  which 
cannot  be  disputed,  these  numbers  establish  the  truth,  already  demonstrated 
\>y  t.lie  earlier  experiments,  that  the  produce  did  not  increase  in  proportion 
to  the  increased  proportion  of  nitrogen  present  in  the  soil;  but  that,  with  the 
exception  of  the  yrar  1848,  the  produce  for  the  same  amount  of  nitrogen 
steadily  diminished." — Principles,  p.  07. 

It  is  after  the  wholesale  ignoring  of  our  recorded  facts,  state- 
ments, and  conclusions,  which  these  quotations  imply,  and  after 
8uch  reasoning  upon  the  pure  assumptions  taken  in  their  stead 
as  we  have  pointed  out  above,  that  Baron  Liebig,  using  the  word 
li I>ro}K/rtiomil "  in  the  exact  numerical  sense  (which  he  well  knows 
is  entirely  inconsistent  with  all  our  evidence  and  reasonings 
on  this  question),  sums  up  his  criticism  by  saying  : — 

Air.  Lawes  has  disproved  what  he  intended  to  prove,  namely,  that  the 
exoe-^s  of  produce  in  this  case  is  proportional  to  the  quantity  of  ammonia 
pr^-m^nt  in  the.  soil ; — that  if>,  he  has  proved  that  a  single,  double,  or  treble 
**f*jr*ly  of  ammonia  does  not  t/ive  a  single,  double,  or  treble  excess  of  produce  ; 
hit,  that  this  excess  is  a  constant  quantity." — Principles,  p.  135. 

Already,  however,  in  Germany,  America,  and  this  country, 
B^rxm  Liebig's  treatment  of  this  question  has  been  prominently 
commented  upon.  And  thus  it  is,  that  he  has  been  obliged  to 
Te^urtothe  facts  and  conclusions  involved  in  this  part  of  the 
N*fc>ject.  At  the  recent  meeting  of  the  British  Association  at 
Glasgow  he  undertook  to  deal  with  this  question  ;  and  as  the 
fee  of  argument  he  then  adopted  was  substantially  that  which 
"e  lad  already  published  in  Germany  in  reply  to  the  admirable 
^rtctures  on  his  'Principles '  by  Professor  Wolff,*  we  shall,  for 
^Hvenience,  refer  to  the  translation  of  his  own  reply,  made  and 
Published  at  his  own  (Baron  Liebig's)  request  in  Am  erica. f 

In  discussing  this  question,  we  need  not  for  a  moment  enter- 
kin  as  an  objection  against  observed  collateral  facts,  Baron 
k^big's  argument,  that  if  there  be  a  loss  of  nitrogen  in  the 
prowth  of  increased  produce,  there  must  necessarily  be  the  same 
elation  between  the  normal  supplies  of  nitrogen  and  the  amount 
■ssimilated  under  their  influence  on  our  unmanured  plot.  It 
m^8t  then  be  distinctly  borne  in  mind,  that  it  is  of  actually 
observed  facts,  in  relation  not  to  the  growth  of  produce  alone,  but 
°f  an  increased  amount  of  produce  by  means  of  an  accumulation 
°f  nitrogen  within  the  soil,  that  we  have  now  more  particularly  to 
8Peak.  We  may,  however,  say  in  passing,  that  we  have  frequently 
j*Ned  attention  to  facts  regarding  the  amount  of  constituents 
k^ested  over  a  given  area  of  unmanured  or  equally  manured 

*  Zeitschrift  fur  Deutsche  Landwirthe,  4  en  Heft. 

T  The  Country  Gentleman.   Albany,  N.Y„  October  11,  1855,  et  sc<i.- 
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land,  in  the  cereals  and  leguminous  crops  respectively,  i 
calculated  to  give  at  least  a  direction  to  our  conclusions, 
ence  to  the  assimilation  of  nitrogen  in  the  case  of  an  ui 
cereal  plot.  Thus,  the  striking  fact  appears,  that  undc 
unmanured  or  mineral-manured  conditions,  the  produce 
gen  per  acre,  may  be  twice  and  a  half  or  thrice  as  gre 
and  the  same  season,  with  the  leguminous,  as  with  the  ce 
This  relation,  therefore,  between  the  amount  of  nitroge 
luted  under  given  circumstances  in  the  leguminous  cro] 
pared  with  the  cereal,  is  strikingly  similar  to  that  whic 
between  the  nitrogen  of  manure  and  that  in  the  increase 
of  the  cereal  obtained  by  its  use. 

Baron  Liebig  further  alleges  against  our  conclusion* 
have  no  evidence  that  the  unrecovered  nitrogen  did  n< 
in  the  soil  for  the  use  of  the  future  crops ;  that  we  she 
employed  very  much  smaller  amounts  of  ammonia-salts 
that  the  smaller  did  not  give  an  equal  increase  of  proc 
the  larger,  as  well  as  to  ascertain  the  minimum  amour 
monia-salts  required  to  produce  a  maximum  effect ;  and 
that  the  assumption  that  5  lbs.  of  ammonia  is  required  to 
a  bushel  of  increase  is  no  expression  of  a  natural  relatioi 
manure  and  crops.    We  shall  examine  these  several  all 

Firstly,  then,  as  to  the  assertion  that  we  have  no  evid 
the  unrecovered  nitrogen  of  the  manure  did  not  rem* 
Boil  for  the  succeeding  crops.  Not  only  had  we  suffi 
dence  on  this  point,  but  Baron  Liebig  had  himself,  in 
recorded  results,  the  proof  of  it  in  the  degree  in  which 
ourselves  maintained  it.  What  we  say  is,  that  even  when  i 
salts  are  not  used  in  greater  excess  than  is  adapted 
average  effect  in  any  given  season,  still,  probably,  only  I 
third  to  one-half  of  the  nitrogen  so  supplied,  will  be  rec 
the  increase  obtained  in  the  year  of  the  application  ; 
unrecovered  nitrogen  will  yield  little  or  no  increase  in 
ceeding  year ;  that  if,  under  these  circumstances,  am: 
again  added,  we  shall,  other  conditions  being  equal,  ag 
large  increase  of  produce ;  and  further,  that  if  more 
have  been  employed  than  is  suited  to  erive  a  fair  increas 
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experience  of  practical  farming  in  the  use  of  guano,  and  other 
nitrogenous  manures,  for  the  increased  production  of  the  cereal 
grains. 

''able  V. — Showing  the  influence  upon  the  Wheat  Crop,  in  the  second  season, 
°'  Nitrogen  supplied  in  Manure  (out  not  recovered  in  increase)  in  the  pre- 
ctsding-  season. 


Ploti. 

Seasons. 

Ammonia- 
salts  employed. 

With  or 
without  Minerals. 

Increase  of 
Total  Produce 
(Corn  and  Straw 
per  acre). 

IOo. 

{ 

1845 
1846 

lbs. 
336 
224 

none 
none 

lbs. 
2,01)3 
1,374 

lO&. 

{ 

1845 
1846 

336 
none 

none 
none 

2,093 
49  (less) 

86. 

{ 

1847 
1848 

400 

none 

minerals 
do. 

2,716 
82 

5a. 

{ 

1851 
1852 

600 
none 

minerals 
do. 

3,477 
468 

5*. 

\ 

1851 
1852 

600 
none 

minerals 
do. 

3,778 
624 

Secondly,  Baron  Liebig  says — 

.    *  IT  it  had  accidentally  occurred  to  Mr.  Lawes  to  manure  his  field  with 
t£  » 6  cwt.  of  ammonia-salts,  instead  of  with  3^  cwt.,  and  if  in  those  cases 
?e  yield  wa*  not  increased  (as  we  may  with  certainty  assume  would  happen), 
J*^1*  he  might  with  the  same  justice  assert  that  the  loss  of  ammonia  is 

»  ®?  or  10  lbs.  for  every  bushel  of  increased  yield. 
•  *  Or  if  Mr.  Lawes  had  applied  ammonia-salts  at  the  rate  of  2  or  1  cwt., 
u!!f  *e*d  of  8£  cwt.  the  acre,  and  then,  after  previous  manuring  with  dissolved 
rpp^a  and  silicate  of  potash,  (whose  action  he  has  not  taken  at  all  into 
Tp^tiDt),  had  harvested  the  same  increase  of  8  bushels :  his  conclusion  that 
i»e  *oil  sutlers  a  loss  of  ammonia,  would  doubtless  have  been  vastly  modified. 

mfW*G  ^e  008       DOt  ^0UD(*  lX"V — ^e  Country  Gentleman,  Nov.  1, 

-Ajid  again — 

0*  Xt  never  seems  to  have  occurred  to  Mr.  Lawes  to  determine  the  minimum 
 **tomonia  which  was  effective  upon  his  field  in  producing  maximum  crops." 

j   t*oubtless  it  will  be  highly  satisfactory  to  Baron  Liebig  to 
^^n,  that  it  has  occurred  to  us  to  supply  almost  identically 
the  cases  here  demanded.    Thus,  instead  of  using  only 
a  ^  lbs.  of  ammonia-salts,  which  is  rather  more  than  on  the 
^i*age  of  seasons  is  adapted  to  our  soil,  we  have,  over  a  series 
^fyeara,  employed  600  lbs.  and  800  lbs.  of  these  salts ;  and  the 
Jp^tilt  has  been  exactly  the  reverse  of  what  Baron  Liebig  says 
**?e  may  vrith  certainty  assume  would  happen.19    That  is  to  say, 
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the  crop  in  those  cases  was  very  considerably  increased.  Though,  as 
might  be  expected,  in  a  diminishing  numerical  proportion  to  the 
excessive  amount  of  ammonia  now  added.    Then  again,  we  have 
used,  through  the  same  series  of  years,  respectively  200  lbs.  and 
100  lbs.  of  ammonia-salts,  with,  in  each  case,  a  full  supply  of  solu- 
ble phosphates  and  alkalies ;  so  that  we  have  here  again  supplied 
the  exact  conditions  demanded ;  and  also  the  means  of  determining 
the  "  minimum  "  amount  of  ammonia  which  was  effective  in  pro- 
ducing a  maximum  crop.    Here,  too,  the  results  are  precisely 
contrary  to  those  which  Baron  Liebig  has  supposed  they  would 
be,  and  on  the  assumption  of  which  he  says,  that  then  "  his  con — 
elusions  that  the  soil  suffers  a  loss  of  ammonia  would  doubtless 
have  been  vastly  modified.   He  has  made  the  loss,  and  not  found 
it."! 

The  following  is  a  summary  statement  of  the  results  obtained!, 
by  the  use  of  these  gradationary  amounts  of  ammonia,  over 
period  in  each  case  of  three  years,  namely,  1852-4  inclusive*  _ 
And  in  order  to  show  by  the  side  of  these  results,  about  wla.t^ 
amount  of  produce  was  obtained  on  the  same  soil  by  meac^^s 
which  the  practical  farmer  will  be  better  able  to  judge  of,  we  al^a^D 
give  the  average  produce  by  farm-yard  manure  during  the  saiKm  « 
seasons ;  and,  by  the  comparison  here  afforded,  it  will  be  see^^r^, 
that  some  of  the  supplied  amounts  of  ammonia  were  very  far  "5.  ~m 
excess  of  what  was  required  to  give  a  produce  equal  to  that  Tcj^- y 
the  annual  supply  of  farm-yard  manure. 


Table  VI. — Showing  the  effects  upon  the  Wheat  Crop  of  gradati< 
amounts  of  Ammonia  in  Manure. 


Average  of  3  years  with  minerals  and  100  lbs.  ammonia- 
Do.  do.  do.  200  do, 
Do.  do.  do.  400  do. 
Do.  do.  do.  600  do. 
Do.  do.  do.  800  do. 
Do.  do.  farm-yard  manure   


salts. 


lbs. 

760 
1,575 
2,915 
8,641 
4,555 
3,022 


Here  it  is  seen  that  the  100  lbs.,  the  200  lbs.,  and  the  400 
of  ammonia-salts,  gave  a  gross  increase  of  produce  (corn  i 
straw  together),  almost  identically  proportionate  to  the  anun 
of  ammonia  in  the  manure.  As  we  have  already  said,  hc^ 
ever,  the  largest  of  these  amounts  (400  lbs.)  is  somewhat  KB-^-^f6 
than  on  the  average  of  seasons  will  yield  the  most  favours *-^'e 
result ;  and  if  it  be  much  exceeded,  the  proportion  of  Bt*~^w 


Agricultural  Chemistry. 


73 


to  corn  in  the  gross  produce  obtained  will  be  much  increased. 
It  should  be  further  added,  too,  as  some  qualification  of  the  exact 
figures  of  the  Table,  that  since  the  three  seasons  over  which  our 
average  extends,  include  one  at  least  which  was  unusually  favour- 
able to  the  production  of  corn,  the  result  by  even  the  400  lbs. 
of  ammonia-salts,  as  here  recorded,  will  be  rather  better  than 
would  be  obtained  over  a  more  extended  period  of  time.  There 
was,  however,  a  still  further  increase  of  produce  when  more 
unmonia  was  employed;  though,  as  already  stated,  the  ratio 
>f  increase  diminished  the  more  rapidly  the  greater  the  excess 
:>f  ammonia  added  in  the  manure. 

Upon  the  whole,  then,  the  result  strikingly  stands  out,  that 
we  obtained  a  considerably  greater  amount  of  produce  by  the 
use  of  much  larger  amounts  of  ammonia  than  those  which  Baron 
Liebig  has  pronounced  to  be  excessive,  and  to  the  use  of  which 
he  attributes  the  conclusion  which  he  assumes  to  be  so  erroneous. 
It  is  further  strikingly  obvious,  that  there  was  a  very  general  uni- 
formity in  the  proportion  of  increase  obtained  for  a  given  amount 
of  ammonia  supplied,  whether  400,  200,  or  100  lbs.  of  its  salts 
were  added  to  the  soil.  Hence  it  follows,  that  if  there  were  a 
loss  of  nitrogen  when  400  lbs.  of  ammonia-salts  were  used,  there 
must  have  been  very  nearly  a  proportionate  amount  of  loss  when 
the  minimum  quantity  was  employed ;  and  consequently  that  the 
loss  observed  when  the  400  lbs.  was  used  could  not  be  due  simply 
to  the  supply  of  more  nitrogen  than  was  necessary  for  a  maximum 
of  produce,  as  maintained  by  Baron  Liebig.  In  fact,  we  have 
found  the  loss,  and  not  made  it  ! 

Again,  Baron  Liebig  says  : — 

"The  number  5,  for  the  amount  of  ammonia,  and  the  quantity  1  bushel  for 
the  increased  yield,  are  not  expressions  for  a  natural  relation  between  manure 
and  crops.  Th&  first  does  not  express  the  weight  of  ammonia  necessary  to 
produce  a  maximum  of  increase,  equal  to  one,  and  ascertained  by  a  series  of 
observations,  but  is  a  mere  stroke  of  fancy." — The  Country  Gentleman, 

We  will  first  show,  by  quotation  from  our  papers,  whether 
we  have  assumed  "  the  number  5  for  the  amount  of  ammonia, 
and  the  quantity  1  bushel  for  the  increased  yield,"  as  an  uncon- 
ditional and  undeviating  relation ;  or  whether  these  numbers  are 
not  given  simply  as  a  practical  average  of  our  experiments,  ad- 
mitting deviations  on  either  side,  according  to  variations  of 
season  and  other  circumstances.  Secondly,  we  will  show  whether 
or  not  that  which  we  have  assumed,  is  "  ascertained  by  a  series  of 
observations,"  or  whether  it  is  "  a  mere  stroke  of  fancy."  In 
regard  to  the  first  of  these  points,  we  had  said : — 

"I  am  inclined  to  think  that,  for  practical  purposes,  we  may  assume  5  lbs. 
ammonia  to  be  required  for  the  production  of  every  bushel  of  wheat  beyond 
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the  natural  yield  of  the  soil  and  season ;  at  any  rate,  it  will  be  useful  to 
remember  this  as  the  amount  until  future  experiments  shall  furnish  further 
information  on  the  subject." — Jour.  Roy.  Ag.  Soc.  Eng.,  vol.  viiL,  part  i. 
p.  246. 

"  We  may  here  observe  that  the  production  of  straw,  as  well  as  that  of  grain, 
would  seem  to  be  intimately  connected  with  the  expenditure  of  nitrogen  de- 
rived through  the  roots  of  the  plant,  and  had  we  time  to  consider  the  question 
more  fully  on  this  occasion,  we  should  not  have  dwelt  so  exclusively  on 
the  production  of  corn  alone  as  we  have  done.  We  may,  however,  remark, 
that  the  production  of  a  heavy  crop  of  straw  in  a  wet  season  is  probably,  from 
the  cause  alluded  to,  a  very  dearly  purchased  produce." — Vol.  xii.,  part  i. 
p.  27. 

"In  our  paper  upon  the  growth  of  wheat,  published  in  the  Journal  of  the 
Royal  Agricultural  Society  in  1847,  we  have  attempted  an  estimate  of  the 
probable  amount  of  nitrogen  required  to  obtain  a  given  amount  of  it  in  the 
increased  produce.  We  there  provisionally  assumed  that  6  lbs.  of  ammonia 
were  required  to  produce  an  increase  of  one  bushel  of  corn  and  its  equivalent 
of  straw.  We  do  not  intend  to  enter  fully  into  the  question  of  the  accuracy  of 
this  estimate  on  the  present  occasion,  but  we  may  observe  in  passing,  that 
among  the  plots  the  history  of  which  we  have  given  in  the  foregoing  pages 
down  to  the  last  harvest,  there  is  not  one,  even  under  the  best  conditions  as  to 
artificial  mineral  supply,  where  the  ammonia,  on  the  average  of  seasons,  has 
given  an  increase  equal  to  that  supposed  in  our  estimate  

"  Without  further  inquiring  then,  into  the  correctness  of  our  estimate,  it  would 
seem  that  a  loss  of  this  kind  during  the  growth  of  the  plant  is  a  fact  which  is 
sufficiently  substantiated,  at  once  by  the  practical  experience  of  the  farmer,  and 
by  experiments  of  an  independent  kind  relating  to  it.  And.  let  it  once  be  recog- 
nised, in  agricultural  science,  that  there  is  a  definite  expenditure  or  consumption 
of  the  nitrogenous  bodies  derived  through  the  roots,' connected  with  the  fixation 
and  elaboration  of  certain  constituents  of  plants,  and  that  this  is  greater  or  lew 
according  to  the  sources  or  the  exact  composition  or  state  of  elaboration  of  the 
products,  and  an  important  step  will  be  gained  towards  a  clearer  conception 
of  the  principles  involved  in  the  alternation  in  a  course  of  cropping,  of  plants 
of  varying  products  and  habits  of  growth." — Vol.  xii.,  part  i.  pp.  31,  32. 

We  will  next  show  whether  or  not  that  which  we  have  assumed 
regarding  the  excess  of  nitrogen  required  in  manure  over  that 
obtained  in  the  increase  of  the  cereals  grown  by  it,  was  "  a  mere 
stroke  of  fancy,"  or  whether  it  was  "  ascertained  by  a  series  of 
observations."  On  this  subject  we  will  bring  one  quotation 
from  our  former  papers,  and  we  will  then  adduce  a  summary  of 
an  immense  mass  of  experimental  evidence  on  the  point  in  ques- 
tion.   We  say : — 

"  Thus,  among  from  two  to  three  hundred  experiments  with  ammoniacal 
manures,  we  have  in  no  single  instance  recovered  in  the  increase  the  amount 
of  nitrogen  provided  in  the  manure ;  and  this  fact  is  perfectly  consistent  with 
the  amounts  of  produce  found,  in  the  experience  of  the  farmer,  to  be  obtained 
by  the  use  of  Peruvian  guano  and  other  nitrogenous  manures." — Jour.  Hoy. 
Agr.  Soc.  Eng.,  vol.  xii.,  part  i.  p.  29. 

In  the  following  Table  (VII.)  is  given  a  summary  of  the 
amount  of  nitrogen  recovered  in  the  increased  produce,  for  every 
hundred  parts  of  it  supplied  in  manure,  in  the  cases  both  of 
barley  and  of  wheat.    It  will  be  seen,  that  we  have  here  the 
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results  obtained  under  eight  different  conditions  as  regards  the 
nature  of  the  nitrogenous  manure,  its  amount,  or  the  circum- 
stances under  which  it  was  employed,  viz.,  whether  with  or  without 
the  addition  of  mineral  manures.  The  number  of  cases  brought 
under  calculation,  including  both  wheat  and  barley,  amounts  to 
nearly  300  ;  and  the  number  of  years  over  which  the  experiments 
extended,  was  nine  in  the  case  of  wheat,  and  three  in  the  case  of 
barley.  The  minor  questions  as  to  the  influence  of  individual 
seasons,  the  varying  proportions  of  corn  and  straw,  the  slightly 
varying  percentage  of  nitrogen  due  to  the  combined  influences 
of  season  and  manure,  and  other  points,  it  would,  of  course, 
be  impossible  to  treat  of,  in  the  mere  outline  which  we  are  now 
professing  to  give.  With  regard,  however,  to  the  varying  per- 
centage of  nitrogen  in  the  produce  according  to  the  amount  of  it 
in  manure — a  point  to  which  Baron  Liebig  alludes — we  may 
simply  say,  that  it  in  no  way  materially  affects  the  general  result 
obtained.  We  may  add,  that  the  percentages  of  nitrogen  in  corn 
and  straw  respectively,  employed  in  the  calculations,  are  in  most 
cases  the  results  of  direct  determinations  made  upon  mixed 
samples  of  the  produce  (grain  and  straw  separately),  of  the 
several  plots  in  each  year,  the  average  of  which  go  to  form  a 
single  result  in  the  Table. 

Table  VII. 

Summary — Nitrogen  in  total  increase  (Corn  and  Straw)  for  100  in  Manure. 
Crops— Wheat  and  Barley. 


Wheat. 

Barley. 

319 

434 

293 

284 

42  5 

481 

383 

355 

634 

60-6 

62-2 

424 

34-3 

372 

399 

431 

General  Description  of  Manures. 


1.  Ammonia-salt 8   (standard  amount)  alone   

2.  Nitrate  of  soda   (   do.         do.    )  alone   

3.  Ammonia-salts   (   do.         do.    )  with  minerals... 

*{A^c£*}<  *>•  >        d°-  - 

6.   Ammonia-salts   (less  than  standard)  do. 

6.  Nitrate  of  soda   (     do.       do.     )  alone   

7.  Ammonia-salts  (more than  standard)  with  minerals 
'    fAmmonia.saltsl(     d  d       }  d 

\  or  rape-cake  J  v  J 

Means   


The  results  here  stated  may  surely  be  considered  as  "  ascer- 
tained by  a  series  of  observations."  .  We  have,  first,  the  amount 
of  nitrogen  recovered  in  the  increase  of  wheat  and  barley,  when 
what  is  termed  a  "  standard  amount  "  of  nitrogen  alone,  is  em- 
ployed ;  that  is  to  say,  such  an  amount  as  experience  shows  will 
yield  a  pretty  fall,  but  rather  too  heavy  a  crop  to  bear  the 
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average  of  seasons.  We  have  this  amount  supplied  both  in  the 
form  of  ammonia-salts,  and  in  that  of  nitrate  of  soda.  We  have 
it  also  with  the  admixture  of  minerals ;  and  again  when,  besides 
minerals,  the  same  amount  of  nitrogen  is  supplied  indifferently 
in  the  form  of  rape-cake  alone,  or  a  mixture  of  rape-cake  and 
ammonia-salts.  W e  have  next,  in  Series  5  and  6,  the  amount  of 
nitrogen  recovered,  when  less  than  the  standard  amount  of  nitro- 
gen was  employed.  And  lastly  Series  7  and  8,  when  more  than 
the  standard  amount  of  nitrogen  was  used. 

Now,  since  season  has  a  very  great  effect  upon  the  amount  and 
description  of  the  increase  obtained  by  nitrogenous  manures,  find  as 
the  whole  of  these  series  do  not  apply  equally  to  the  sameyears,it  is 
obvious  that  niceties  of  variation  cannot  be  discussed  upon  such  a 
summary  statement  of  results  as  is  here  given.  The  general  fact  is 
clear,  however,  that  the  proportion  of  the  supplied  nitrogen  not 
recovered  in  the  increase  of  crop,  is,  in  all  cases,  very  large.  The 
proportion  of  loss  is  greater  when  the  standard  amount  of  nitro- 
gen is  used  alone,  than  when  a  liberal  supply  of  minerals  is  also 
added.  But  it  is  seen,  that  even  when  only  the  standard  amount 
of  nitrogen  is  used  (an  amount  which  does  not  yield  more  in- 
crease than  should  be  obtained  under  high  farming  on  the  land 
in  question),  and  when  to  this  is  added  a  liberal  supply  of 
mineral  constituents,  still  there  is  little  more  than  40  per  cent, 
of  the  supplied  nitrogen  recovered  in  the  increased  produce  of 
corn  and  straw  which  is  obtained.  When,  again,  with  the 
minerals,  less  than  the  standard  amount  of  ammonia  is  employed, 
that  is,  less  than  is  adequate  to  give  an  amount  of  crop  equal  to  that 
produced-  Ly  good  farming, — we  have,  even  in  that  case — a  case 
which  of  course  in  practice  could  not  be  followed — little  more  than 
50  per  cent,  of  the  supplied  nitrogen  recovered  in  the  increase  of 
crop.  But  when,  with  the  mineral  constituents,  we  add  more 
than  the  standard  amount  of  nitrogen,  though  not  more  than  gave 
a  still  further  increment  of  increase,  we  have  little  more  than  one- 
third  of  the  nitrogen  of  the  manure  returned  in  the  increase. 

It  is  seen,  that  with  both  wheat  and  barley,  a  large  amount 
of  nitrogen  alone,  applied  as  nitrate  of  soda,  gives  a  worse  result 
than  a  large  amount  of  salts  of  ammonia  alone.  The  nitrogen 
applied  as  rape-cake  gave,  in  the  case  of  wheat,  nearly  an  equal 
result  with  that  in  ammonia-salts ;  when  used  with  barley,  it 
gave  considerably  less  return  in  its  increase  than  when  applied  in 
the  latter  form ;  but  the  amount  of  rape-cake  employed,  was 
obviously  far  too  great  for  the  favourable  maturing  of  the  barley 
in  the  average  of  seasons. 

As  a  final  average  it  is  seen  that  we  have,  including  all  these 
cases  and  extending  over  so  many  years,  in  the  case  of  wheat, 
only  39  9  per  cent.,  and  in  that  of  barley  only  43*1  per  cent.,  of 
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the  nitrogen  of  the  manure  recovered  in  the  increase  of  crop ! — 
and  certainly  the  near  approximation  in  the  averages  of  the  two 
crops  is  not  a  little  striking;  especially  when  we  remember,  that  in 
the  case  of  the  barley  there  were  no  instances  of  more  than  standard 
amount  of  nitrogen  used,  which  would  obviously  have  brought 
down  its  final  average  nearer  to  that  of  the  wheat. 

Now,  the  final  average  here  obtained  in  the  case  of  wheat, 
would  represent  exactly  5£  lbs.  of  ammonia  for  each  bushel  of 
grain  (with  its  equivalent  of  straw),  obtained  by  its  use,  assuming 
average  proportions  of  corn  to  straw,  and  of  nitrogen  in  both  : 
and,  again,  by  the  same  method  of  calculation,  the  return  of  rather 
more  than  40  per  cent,  of  nitrogen,  the  result  where  the  standard 
amount  of  ammonia  with  minerals  was  used,  would  be  almost 
identically  equivalent  to  5  lbs  of  ammonia  in  manure  for  every 
bushel  of  corn,  and  its  equivalent  of  straw,  obtained  as  increase 
of  crop ! 

So  much,  then,  for  the  indications  of  some  hundreds  of  direct 
experiments  on  this  subject.  But  we  further  unhesitatingly 
maintain,  that  the  general  result  here  arrived  at,  agrees  very  closely 
indeed  with  that  of  common  experience  in  the  use  of  guano 
and  other  nitrogenous  manures  for  the  increased  growth  of  grain. 

Consistently  with  the  object  of  this  paper,  which  is  simply  to 
meet  the  objections  of  Baron  Liebig  to  our  facts  and  conclu- 
sions, and  to  adduce,  in  the  form  of  condensed  summaries  of  our 
experiments,  such  evidence  as  shall  serve  to  establish  the  facts 
and  conclusions  thus  disputed,  it  would  be  out  of  place,  even  did 
our  space  permit  it,  to  enter  into  any  detailed  consideration  of 
what  may  be  the  scientific  explanation  of  the  practical  loss  of 
nitrogen,  which  as  a  simple  fact  we  have  just  illustrated.  Hoping, 
however,  to  recur  to  this  subject  before  long,  we  may  neverthe- 
less, in  passing,  state,  that  various  experimenters  have  recorded 
an  evolution  of  nitrogen  from  the  leaves  of  growing  plants, 
beyond  that  which  they  thought  they  could  attribute  to  the 
atmosphere  with  which  their  plants  had  been  supplied  ;  but  as 
observations  of  this  kind  have  not  established  a  clear  distinction 
between  the  leguminous  and  the  cereal  plants  of  our  rotations  in 
this  respect,  further  evidence  is  of  course  necessary,  before  we 
should  be  justified  in  confidently  attributing  the  phenomenon  in 
question,  to  the  functional  actions  which  have  been  supposed  to 
be  the  source  of  the  evolution  of  nitrogen  from  the  leaves  of 
plants,  observed  in  the  experiments  alluded  to.    The  only  expla- 
nation of  this  practically  observed  loss,  which  has  been  suggested 
^8  special  to  the  cereals,  is  that  proposed  by  Mr.  Way ;  namely, 
"that  the  silica  required  by  these  plants,  is  taken  up  as  a  silicate,  of 
'Which  ammonia  is  a  base;  and  that  this  alkali,  or  its  constituents, 
evolved  upon  the  fixation  of  the  silica  by  the  plant.  Professor 
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Wolff  has  to  a  great  extent  adopted  this  view ;  and  has  adduced 
various  circumstances  connected  with  the  development  of  these 
plants,  as  corroborative  of  its  probability.  Baron  Liebig  has,  on 
the  other  hand,  energetically  repudiated  the  explanation  offered 
by  Mr.  Way ;  founding  his  objections  on  the  fact,  that  water 
containing  ammonia  or  its  salts  dissolves  less  of  the  alkaline 
silicates  than  does  pure  water  itself.  Experiments  of  this  kind, 
made  upon  chemical  compounds  out  of  the  soil,  cannot  be  con- 
sidered satisfactory  as  the  ground  of  conclusions  as  to  what 
would  happen  under  the  complicated  conditions  of  cultivated 
soils.  We  have,  however,  found,  that  water  containing  salts  of 
ammonia  dissolved  less  silica  than  pure  water,  when  percolated 
through  a  given  bulk  of  soil.  But  the  question  may,  after  all, 
not  so  much  depend  upon  the  amount  of  the  silica  which  will  be 
dissolved  in  the  soil,  as  upon  the  state  of  chemical  combination 
from  which  it  is  most  easily  assimilated  by  the  plant. 

It  has  been  partly  with  a  view  to  aiding  the  solution  of  the 
question  of  the  varying  amount  and  sources  of  the  nitrogen  assi- 
milated by  the  different  plants  of  our  rotations,  that  we  have,  for 
a  series  of  years,  conducted  investigations  on  the  amount  of  water 
passing  through  different  plants,  under  equal  and  varied  condi- 
tions of  growth,  in  relation  to  the  quantitative  fixation  in  them 
of  their  several  constituents.  The  results  of  these  investigations, 
as  we  have  elsewhere  pointed  out,  have  an  interesting  bearing 
upon  the  phenomena  we  have  been  discussing.  But  so  important 
has  it  appeared  to  us,  to  clear  up  many  open  questions  which 
suggest  themselves,  that  not  long  ago  we  induced  a  promising 
and  accomplished  young  chemist  from  the  laboratory  of  Professor 
Bunsen  (Dr.  August  Pauli),  to  devote  himself  for  two  years  to 
this  subject,  in  the  laboratory  at  Rothamsted.  Unfortunately,  his 
death,  almost  as  soon  as  he  had  commenced  his  labours,  pre- 
vented the  further  prosecution  of  the  exact  path  of  research  then 
proposed ;  though  we  still  hope  that  investigations  which  we 
have  for  some  time  had  in  progress,  and  to  which  we  shall  now 
direct  more  close  attention,  will  enable  us  to  record  before  long, 
further  advance  in  our  inquiry. 

But  there  are  means  adopted  by  the  farmer  of  increasing 
the  growth  of  grain,  without  either  the  artificial  supply  of 
nitrogen  to  the  soil,  or  the  intervention  of  a  fallow  crop.  These 
are,  bare  fallow  and  the  mechanical  operations  of  the  farm.  Now, 
as  Baron  Liebig  has  modified  his  views  on  the  efficiency  of  these 
means,  in  his  u  Principles  "  just  published,  we  must  take  the 
statement  of  his  views  as  given  in  the  third  and  fourth  editions 
of  his  main  work,  to  show  what,  until  lately,  he  advocated  on 
this  question.    In  these  editions  he  gave  a  distinct  and  separate 
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illow  and  the  mechanical  operations  of  the  farm,  in 
id  all  bnt  the  first  of  the  following  sentences  ;  this 
tely  preceding  that  special  chapter : — 

receding  part  of  this  chapter  it  will  be  seen  that  fallow  is  that 
•e  when  the  land  is  exposed  to  progressive  disintegration  by 
e  weather,  for  the  purpose  of  liberating  a  certain  quantity  of 
ca  to  be  absorbed  by  future  plants. 

I  and  frequent  working  of  fallow-land  will  accelerate  and 
ntegration :  for  the  purposes  of  culture  it  is  quite  the  same 
ind  be  covered  with  weeds,  or  with  a  plant  which  does  not 
uh  from  the  soil."  -4th  Edition,  p.  127. 

)f  the  mechanical  operations  of  the  farm,  he  says : — 
a  consists  in  accelerating  the  weathering  or  disintegration  of 
us  offers  to  a  new  generation  of  plants  their  necessary  mineral 
a  form  Jit  for  reception" — ith  Edition,  p.  130,  131. 
the  surface  of  the  soil  and  endeavour  to  make  every  particle 
to  the  action  of  carbonic  acid  and  oxygen.  Thus  we  procure  a 
of  soluble  mineral  substances  which  are  indispensable  for  the 
id  luxuriance  of  a  new  generation  of  plants.'— 4th  Edition, 


its  most  extended  sense,  means  that  period  of  culture  during 
exposed  to  the  action  of  the  weather,  for  the  purpose  of  en- 
rtain  soluble  ingredients.  In  a  more  confined  sense,  the  time 
be  limited  to  the  intervals  in  the  cultivation  of  cereal  plants ; 
of  soluble  silicates  and  of  alkalis  is  an  essential  condition  to 
f  such  plants."— 4th  Edition,  p.  132, 133. 
nical  operations  of  the  farm,  fallow,  the  application  of  lime, 
g  of  clay,  unite  in  elucidating  the  same  scientiGc  principle. 
leans  of  accelerating  the  disintegration  of  the  alkaline  silicates 
i  of  supplying  to  plants  their  necessary  constituents  at  the 
of  a  new  vegetation" — 4th  Edition,  p.  136. 

>w  would  generally  be  applicable  to  land  after  its 
exhaustion  by  the  growth  of  a  series  of  crops,  and  as 
a  for  the  growth  of  a  succeeding  crop  of  grain — and 
,  that  in  99  out  of  100  such  cases,  in  ordinary  culti- 
mineral  manures  would  not  adequately  raise  the  pro- 

the  application  of  ammonia  salts  or  nitrate  of  soda 
nly  do  so ; — we  cannot  imagine,  therefore,  that  the  in- 
>duce  in  such  a  soil  by  faMow,  can  be  measurable  by 
of  mineral  constituents  liberated  by  the  chemical 
3  atmosphere  on  the  soil.  We  fully  grant,  indeed, 
tion — such  liberation  of  mineral  constituents — does 
uring  fallow  ;  but  we  maintain,  that  there  would  be 

increase  of  produce,  unless  at  the  same  time  there 
lensation  of  available  nitrogen  from  atmospheric 
lin  the  soil  itself,  and  that  it  is  by  the  amount  of  this 
a  of  available  atmospheric  food  of  plants  within  the  soil, 
by  the  amount  of  liberated  soil-proper  constituents, 
reased  produce  of  grain  will  be  measurable. 


80 


Agricultural  Chemistry. 


It  should  be  mentioned,  that  in  the  fourth  and  last  edition  of 
Baron  Liebig's  main  work,  in  the  chapter  entirely  devoted  to  an 
explanation  of  the  beneficial  effects  of  fallow  and  the  mechanical 
operations  of  the  farm,  he  does  not  say  one  single  word  in 
reference  to  the  accumulation  by  these  means,  of  available 
atmospheric  food — nitrogen — within  the  soil  itself ;  but  only  of 
the  greater  supplies  of  the  mineral  or  soil-proper  constituents, 
which  are  thereby  rendered  soluble  and  available  for  the  plants. 
We  have,  on  more  than  one  occasion,  called  attention  to  the 
former  influences ;  and  also  to  the  fact,  that  a  study  of  the  pro- 
perties of  soils  in  relation  to  the  accumulation  of  the  atmospheric 
food  of  plants,  promised  to  be  of  more  value  to  agriculture,  than 
that  of  the  mere  determination  of  their  percentage  composition 
in  the  mineral  food  of  plants ;  and,  to  the  opinion  that  this  is  a 
field  of  inquiry  highly  deserving  of  the  attention  of  the  agricul- 
tural chemist,  we  are  happy  to  have  noiv  the  sanction  of  Baron 
Liebig  himself.    Thus  he  now  says : — 

"  Fallow  is  the  time  during  which  this  weathering  takes  place.  During 
fallow,  carbonic  acid  and  ammonia  are  conveyed  to  the  soil  by  the  rain  and 
the  air ;  the  ammonia  remains  in  the  soil,  if  substances  be  present  in  due 
proportion  which  deprive  it  of  its  volatility  by  combining  with  it." — Prm* 
ciples,  p.  20,  prop.  26. 

And  again : — 

"  But  so  to  prepare  the  soil  as  to  enable  it  to  extract  from  the  air,  and  the 
other  sources  ottered  to  plants  by  nature,  and  to  condense  in  its  products  a 
maximum  of  nitrogen, — this,  indeed,  is  a  problem  worthy  of  scientific  agri- 
culture." I — Principles,  p.  105. 

Here  again,  then,  in  his  26th,  as  well  as  in  his  14th  proposi- 
tion, there  is  evidence  that  Baron  Liebig's  views  have  been 
strikingly  "  corrected  and  enlarged  "  !  This  influence  of  fallow 
is  then  we  say,  not  that,  there  being  within  the  soil  a  more 

liberal  provision  of  the  mineral  food  of  plants,  they,  tlis  plants,  «-  ^ 

are  enabled  to  absorb  more  nitrogen  from  atmospheric  sources :  ~ 

but  it  is,  so  far  as  accumulation  of  nitrogen  is  concerned,  that  i^uaJ 

the  sail  iUelf  has  absorbed  it  from  atmospheric  sources ;  without  *3*jnt 

which  condensation  within  the  soil,  of  the  atmospheric  food  of  3*af 

plants,  no  adequate  increase  of  produce  of  grain  would  have  been  -«r-n 

obtained,  however  great  might  have  been  the  increased  supply  m^^My 
of  the  soil-proper  or  m  ineral  food  of  the  plants. 

We  shall  presently  endeavour  to  trace  the  chemical  statisticfc^^  & 
of  an  actual  rotation  of  crops  itself  which  will  enable  us  to  fcrn^-To 
a  judgment,  whether  the  facts  which  are  thus  elicited,  taken  in 
connection  with  those  which  have  been  indicated  with  regard  ~  to 
the  action  of  manures  on  the  individual  crops,  do  not  afford  *  us 
some  insight  into  the  chemical  principles  upon  which  that  mce^Bin 
arm  of  agriculture,  rotation,  is  founded.   Before,  however,  enti^i^sr- 
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upon  a  consideration  of  our  own  evidence  and  conclusions  on 
point,  it  may  be  well  to  give  a  very  rapid  review,  of  what 
r  be  called  the  natural  history  of  the  various  opinions  which 

3  of  late  years  been  entertained,  regarding  the  two  most  im- 
:ant  and  closely  allied  subjects,  of  manure  and  rotation. 

iJt  the  time  of  the  appearance  of  Baron  Liebig's  first  work  in 
O,  the  prevailing  impression,  which  had  received  much  con- 
lation  from  the  investigations  of  M.  Boussingault,  was,  that 
agen  was  one  of  the  most  important  constituents  of  manure, 
on  Liebig,  in  his  first  edition,  also  dwelt  particularly  on  this 
it ;  but  at  the  same  time,  he  drew  much  more  special  attention 
lie  importance  of  the  mineral  constituents  of  plants  than  had 
lerto  been  bestowed  upon  them.  After  the  publication  of 
•on  Liebig's  first  book,  M.  Boussingault  published  much  more 
y  the  results  of  his  various  agricultural  investigations,  and 
conclusions  to  which  he  had  arrived  in  regard  to  them. 
Vith  respect  to  manures ,  he  (M.  Boussingault)  concluded  that 
ix*  relative  value  was  determinable,  more  by  the  amount  of 
x>gen  they  contained,  than  by  that  of  any  other  constituent. 

4  in  reference  to  the  subject  of  rotation^  after  having  given 
chemical  statistics  of  three  separate  courses,  in  which  roots, 

aTninous  crops,  and  cereals  had  been  alternated  with  each 
Sr,  and  also  of  one  with  wheat  grown  two  years  in  succession, 
>**  fallow  and  manure,  he  thus  speaks  in  regard  to  the  mutual 
^tiions  of  different  crops : — 

In  the  five  years'  rotation,  it  may  be  observed  that  there  are  two  crops, 
fctoed  crop  and  the  forage  crop,  which  yield  substances  to  the  ground  that 
both  abundant  in  quantity  and  rich  in  azotised  matter,  and  it  is  un- 
atonable that  these  cro{  s  act  favourably  on  the  cereals  which  succeed 
(*•  But  data  are  wanting  for  the  appreciation  of  their  specific  utility  to 
general  rotation." — Rural  Economy,  p.  488. 

^nd,  again,  in  the  next  page,  he  says  : — 

^Tien  the  relative  value  of  different  systems  of  rotation  are  discussed  in 
tV'ay  we  have  done,  we  in  fact  estimate  the  value  of  the  elementary  matter 
*M  from  the  atmosphere  by  an  aggregate  ot  crops;  but  the  procedure 
^rally  followed  is  silent  when  the  question  is  to  assign  to  each  crop  in 
icular  the  special  share  which  it  has  had  in  the  total  profit." 

Sow,  Baron  Liebig,  after  detailing  the  experiments  of  M. 
*ssingault — in  the  course  of  which  he  argues,  that  inasmuch 
*  larger  amount  of  nitrogen  was  obtained  in  some  of  the  later 
pe  of  the  rotation,  than  in  the  earlier  ones  which  immediately 
Oeeded  the  application  of  the  manure,  it  was  obvious,  that 
nitrogen  of  the  crops  could  not  be  due  to  the  nitrogen  of  the 
**ure  which  had  been  applied — says : — 

fiouaftiogault  concludes  that  leguminous  plants  alone  possess  the  power  of 
•**>priating,  as  food,  nitrogen  from  the  air,  and  that  other  cultivated  plants 
■Mrt  at  all  possess  this  property.  Hence  the  great  importance  ^Vi\c\i^\>&- 
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aingault  ascribes  to  manures  containing  nitrogen,  for,  according  to  his  view; 
the  commercial  value  of  a  manure  depends  on  its  amount  of  nitrogen.  But  all 
these  conclusions  are  thoroughly  erroneous  ;  for,  if  they  were  not  to,  it  must 
follow  that  potass,  lime,  and  silica  plants,  unless  they  belonged  to  the  legu- 
minosm,  would  not  produce  any  nitrogen,  unless  they  were  supplied  with 
manure  containing  that  element." — 4th  Edition,  p.  207,  208. 

Baron  Liebig  goes  on  to  maintain,  that,  owing  to  the  method 
of  experimenting  adopted  by  M.  Boussinganlt,  he  had  obviously 
under-estimated  the  amount  of  nitrogen  which  he  had  supplied 
in  the  manure  at  the  commencement  of  his  rotations ;  and  that, 
in  point  of  fact,  he  had  added  much  more  of  that  constituent  to 
the  soil,  than  he  had  taken  off  in  his  course  of  crops.  And,  on 
this  point,  he  says: — 

"  Hence  his  erroneous  conclusion,  that  the  leguminoeae  alone  possess  the 
power  of  condensing  nitrogen  from  the  air;  and  that  it  is  necessary  to  furnish 
nitrogen  to  the  graminese,  and  to  plants  such  as  turnips  and  potatoes." — 
4th  Edition,  p.  208,  209. 

Baron  Liebig  supports  his  general  argument  by  reference  to 
the  produce  of  Hungary,  Sicily,  the  vicinity  of  Naples,  the 
valley  of  the  Nile,  the  meadows  of  Holland,  and  of  other  locali- 
ties ;  and  he  maintains,  that  the  nitrogen  in  these  cases  must 
have  been  derived  from  the  atmosphere,  and  not  from  manure. 
And,  he  asks : — 

"  Are  the  fields  of  Virginia,  the  fields  of  Hungary,  our  own  cultivated 
plants,  not  able  to  receive  it  from  the  same  sources  as  the  wild-growing  vege- 
tation ?    Is  the  supply  of  nitrogen  in  animal  excrements  a  matter  of  absolute 

indifference;  OR  DO  WE  OBTAIN  IN  OUR  FIELDS  A  QUANTITY  OP  THE  OOHSTITr- 
ENT8  OP  THE  BLOOD,  ACTUALLY  CORRESPONDING  TO  THE  8UPPLY  OP  AMYONIA? 

"  These  questions  are  completely  solved  by  the  investigations  of  M.  Bousrin- 
gault ;  which  are  so  much  the  more  valuable,  as  they  were  instituted  with  a 
totally  distinct  object  in  view." — 4th  Edition,  p.  205. 

We  could  point  out  other  sources  of  error  in  the  reasoning  of 
Baron  Liebig,  but  we  will  here  simply  call  attention  to  the  feet, 
that  in  the  amount  of  nitrogen  (22  lbs.  per  acre),  which  he  says 
the  fields  of  Virginia  annually  yield  without  manure,  we  have 
the  most  satisfactory  proof  of  the  inapplicability  of  any  deduction 
from  such  an  instance,  regarding  the  requirements  of  our  own 
cultivated  plants.  Thus,  an  average  crop  of  wheat  in  this  country, 
under  good  cultivation,  will  contain  twice  as  much  nitrogen  as  is 
here  supposed. 

It  is  in  reference  to  the  facts  and  arguments  above  alluded  to, 
that  Baron  Liebig  concludes  as  follows,  in  the  sentence  which, 
with  reference  to  special  points,  we  have  quoted  already  more 
than  once : — 

"  Hence  it  is  quite  certain,  that  in  our  fields,  the  amount  of  nitrogen  in  the 
crops  is  not  at  all  in  proportion  to  the  quantity  supplied  in  the  manure,  and  that 
t  he  soil  cannot  he  exhausted  by  the  exportation  of  products  containing  nitrogen  J 
(unless  the.<*e  products  contain  at  the  same  time  a  large  amount  of  mineral  -I 
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ingredients),  because  the  nitrogen  of  vegetation  is  furnished  by  the  atmosphere, 
and  not  by  the  soil.  Hence  also  we  cannot  augment  the  fertility  of  our  fields, 
or  their  powers  of  production,  by  supplying  them  with  manures  rich  in  nitro- 
gen, or  with  ammoniacal  salts  alone.  The  crops  on  a  field  diminish  or  increase 
in  exact  proportion  to  the  diminution  or  increase  of  the  mineral  substances 
conveyed  to  it  in  manure.19 — 4th  Edition,  p.  210. 

From  this  short  recital,  the  reader  will  be  able  to  form  a 
judgment,  of  what  were  the  prevailing  ideas,  and  what  the  points 
of  question  regarding  manure,  and  therefore  what  was  the  extent 
of  the  meaning  of  Baron  Liebig,  when  he  wrote  the  sentences 
quoted  above,  and  considered  it  so  essential  to  attribute  a  pre- 
ponderatviig  value  a?id  importance  to  the  mineral  constituents 
of  manure.  And  it  was  in  reference  to  the  conclusions  arrived 
at  by  the  facts  and  arguments  above  referred  to,  taken  in  con- 
nection with  a  consideration  of  the  sources  and  mineral  composi- 
tion of  animal  excrements,  that  Baron  Liebig  in  the  preface  to 
the  3rd  and  4th  editions  of  his  main  work  (published  respectively 
in  1843  and  1847),  said:— 

"  And  I  am  now,  for  the  first  time  since  the  completion  of  these  labours, 
in  a  situation  to  give  a  simple  and  determinate  expression  to  my  view  of  the 
origin  of  animal  excrements,  and  of  the  cause  of  their  beneficial  effects  on 
the  growth  of  all  vegetables." 

To  vindicate  himself,  however,  from  the  imputation  now  made 
by  most  writers  on  the  subject,  that  in  these  arguments  and 
conclusions  he  has  underrated  the  value  and  importance  of 
nitrogen  or  ammonia  within  the  soil,  Baron  Liebig  quotes  in  his 
"Principles,"  recently  published,  the  following  sentence,  occurring 
in  the  same  chapter  of  his  work  as  that  from  which  we  have 
made  the  extracts  given  above. 

"  In  order  to  obviate  any  misunderstanding,  we  must  again  draw  attention 
to  the  fact,  that  this  explanation  is  not  in  any  way  contradicted  by  the  effects 
produced  on  the  application  of  artificial  ammonia,  or  of  its  salts.  Ammonia 
is,  and  will  continue  to  be,  the  source  of  all  the  nitrogen  of  plants ;  its  supply 
is  never  injurious ;  on  the  contrary,  it  is  always  useful,  and,  for  certain 
purposes,  indispensable."— 1th  Edition,  p.  212. 

This  vindicatory  sentence,  quoted  from  his  previous  work, 
Baron  Liebig  now  adduces  with  the  following  preface : — 

a  In  order  not  to  excite  new  doubts,  and  in  order  to  put  an  end  to  a  mis- 
understanding, which  1  thought,  but  vai?ity,  as  it  appears,  I  had  rendered 
impossible  in  my  work,  I  repeat  here  what  I  said  in  that  work" — Principles, 

p.  ior. 

It  would  have  been  more  candid  if  Baron  Liebig  had  given 
the  paragraph  in  question  to  the  end  ;  for,  in  what  immediately 
succeeds  to  the  sentences  which  he  here  brings  forward,  is 
contained  the  clearest  proof  that  there  has  been  no  misunder- 
standing such  as  he  here  complains  of.#  The  continuation  in  his 
Trork  is  as  follows : — 

*  Mr.  Maskelyne  also,  in  the  'Saturday  Review'  of  December  15,  gives  the 

v  *1 


"  But  p  at  the  same  time,  it  is  of  girid  impart  A  nee  fur  agriculture,  to  to* 
with  certainty  that  the  supply  of  Mwumma  is  unnecessary  for  most  *F 
cultivated  plants,  and  that  it  miy  be  even  superfluous^  if  only  the  miltmts.  ^p-** 
u  sufficient  supply  of  the  mineral  food  of  plant*,  w fieri  the  timmmi^  require 
for  their  development  in ill  he  furnished  by  the  atmo*])hertm    Jt  is  atto  <^:^T 
importance  to  knowt  that  the  rule  usual  fy  adopted  in  France  and  in  fJem*sw*&$f 


of  t  fitittifitimj  the  rufiff  »f  a  manure  wwdht*;  to  the  amount  of  it.*  mlmjr-  - 
is  quite  fallacious^  and  thai  its  value  dots  not  stand  in  proportion  to  m 
nitrogen,"  \  ' 


Such,  then,  were  the  reasonings  and  conclusions 

~  the  constituents 


of  Barr-~*» 


Liebig  regarding  the  relative  value  of  the  constituents  of » 
founded,  to  a  great  extent,  upon  a  consideration  of  the  exper-^" 
inents  of  M.  Boussingault  on  the  chemiotil  statistics  of  rofatk*  ^1  * 
and  in  opposition  to  the  opinions  arrived  at  by  the  latter  * 
regard  to  those  experiments.  On  the  <  " 
in  rotation  itself  Baron  Liebig  thus  < 

"  In  a  more  confined  sense,  the  tine  of  fallow  may  ha  Baited  totkei 
in  the  cultivation  of  cereal  plants ;  for  a  magarine  of  soluble  i 
alkalies  is  an  essential  condition  to  the  existence  of  tueh  pJ~~ 
tion  of  potatoes  or  of  turnips  during  the  interval  will  not  i 
of  the  field  for  the  cereals  which  axe  to  succeed  (suppa 
alkalies  to  be  sufficient  for  both),  because  the  former  plants  do  i 
any  of  the  silica  necessary  for  the  latter."— 4M  EHUrn,  p.  188. 

Again,  after  many  pages  of  illustration  of  the  importance 

the  mineral,  or  soil-proper  constituents,  he  savs : — 

"  It  follows,  then,  from  the  preceding  observations,  that  the  i 
the  alternate  system  of  husbandry  eonaisU  hi  the  fact  that  the  I 
plants  abstract  from  the  ioil  unequal  quantities  of  certain  ■Mritioua  matte 

11 A  fertile  soil  must  contain  in  sufficient  Quantity,  and  in  a  form  adapt- — 
for  awiunktion,  al!  the  inorganic  materials  indispensable  for  the  gTowth  ° 
plants, 

,l  A  field  hit 5  filially  prepared  for  culture,  contains  a  certain  amount  of  th* 
ingredient B^unl  nU.  *  r  anmn  nkeal  salts  and  decaying  veg^able  matter  1" 

system  of  rotation  adopted  on  such  a  field  is,  tha 
potatoes)  is  succeeded  fcy  a  silica-plant,  and  the  ] 
plant." — If  A  Edition,  p.  109. 

And  in  his  'Principles/'  reoently  published,  lie  eui 
rationale  of  rotation  in  his  35th  Proposition,  thus: — 

"On  the  unequal  quantity  and  quality  (solubility,  &c.)  of  the  m\ntz 
constituents,  and  on  the  unequal  proportions  in  which  they  are  required  * 
the  development  of  the  different  cultivated  crops,  depends  the  rut  at  ion 
crops,  siTir]  the  varieties  of  rotHliop  employed  in  different  locaHtiue."— 1*.  *M 

Here,  then,  we  have  distinctly  enough  set  forth,  even  up 
the  present  time.  Baron  Liebig's  mineral  theory  of  rotation  ; 
we  have  already  seeUj  that  he  has  pronounced  as  "  thoroogfc-^1- 

erroneous/1  M.  Bous&ingault'e  conclusions 
dependence  of  the  cereals  grown  in  our  i 

sentence  mt&m  the  r*ntin*mti»*>  to  UluaUate  our  I 
quoting  Baron  Liebig  ! 
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irided  in  the  soil,  and  as  to  the  greater  reliance  of  the 

*  ruinous  crops  grown  in  alternation  with  them,  upon  atmo- 
eiic  sources  of  nitrogen ; — and  also  his  conclusion  that  the 
>unt  of  produce  in  the  rotation  is  in  proportion  to  the 
•ogen  in  the  manure. 

Jow,  if  M.  Boussingault  really  did  intend  to  say,  "  that  legumi- 
8  plants  alone  possess  the  power  of  appropriating,  as  food, 
x>gen  from  the  air,  and  that  other  cultivated  plants  do  not  at 
possess  this  property,"  he  certainly  here  committed  an  error ; 
b  is  to  say,  if  his  meaning  were,  that  the  latter  would  assimi- 

•  only  the  amount  of  nitrogen  conveyed  to  the  soil  in  the  form 
fuxnurey  and  that  they  would  not  give  a  certain  annual  average 
duce  independently  of  such  supply.  Such  an  error,  if  it 
•e  committed,  would  easily  arise  from  the  fact,  that  in  his  own 
►eriments  on  the  growth  of  wheat  by  means  of  manure,  in 
Lch  he  only  recovered  in  the  produce  about  as  much  nitrogen  as 

manure  contained,  he  had  not  by  the  side  of  his  manured  plot 
■  growing  the  same  crop  without  manure.  By  such  a  col- 
**al  experiment,  he  would  have  learned  how  much  of  his  total 
<iuce  was  due  to  soil  and  season,  independently  of  direct 
**tire,  and  how  much  to  the  latter.  Had  he,  indeed,  possessed 
8e  data,  he  must  then  have  concluded,  that  the  cereals  did 
Utnulate  a  limited  amount  of  nitrogen  from  natural  sources ; 
I  that  the  increase  beyond  this  amount,  was  obtained  only  at 
&8t  of  much  more  nitrogen  in  the  manure  than  was  stored  up 
the  increase  of  crop  produced  by  it.  And  had  M.  Boussin- 
ilt  clearly  appreciated  this  fact,  regarding  which,  since  the 
l©  he  wrote,  so  much  evidence  has  been  recorded,  he  would 
^cely,  whilst  so  prominently  calling  attention  to  the  distinctions 
ich  he  observed  in  regard  to  the  requirements  of  the  cereals 
I  leguminous  plants  in  his  rotations,  nevertheless,  have  said, 
Reference  to  those  admirable  results,  that  they  rather  afforded 
lew  of  the  circumstances  of  an  entire  rotation,  than  threw  any 
*t  on  the  special  share  in  rotation  of  the  individual  crops. 

*  could  he  have  failed  to  see,  that  in  those  distinctions  which 
Really  did  point  out,  was  the  very  key  to  the  chemical  prin- 
ts involved  in  rotation  of  crops.  M.  Boussingault,  indeed, 
Suctly  called  attention  to  the  fact,  that  the  benefits  derived 

growing  a  leguminous  crop  before  a  cereal,  must  to  a  great 
&iit  arise  from  the  amount  of  organic  matter  thus  accumulated 
ttfn  the  soil  as  a  manure  for  the  latter.    He  further  pointed 

•  that  the  very  restorative  leguminous  crops,  nevertheless 
&  from  the  soil  a  very  large  proportion  of  some  of  the  most 
Ktttant  of  the  mineral  constituents ;  and  from  the  latter  fact 
&eems  to  have  drawn  the  inference  that  in  the  choice  of  our 
lesion  of  crops,  care  should  be  taken  to  make  the  selection 
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with  clear  reference,  to  the  amount  of  the  various  mineral 
atituents  removed  from  the  laud  in  the  different  crops.  Was  t 
not,  however,  we  may  ask,  in  the  very  facts  Iuto  recorded,  nan 
that  notwithst.au d Lug  the  exhaustion  of  minerals  the  clover  1 
still  so  good  a  preparative  for  wheat — was  there  not  in  the 
coincident  facts,  that  which  would  rather  lead  us  to  suppose,  the 
the  benefits  arising  from  the  order  of  succession  merely  of  ; 
storative  and  other  crops,  was  little  dependent  on  the  mioer- 
requirements  of  the  individual  crops? — and  in  fact,  that  if  on 
the  restorative  crop,  with  its  large  demand  for  minerals,  we 
enabled  to  grow  luxuriantly,  we  might  then  conclude,  that  t~ 
soil  was  so  rich  in  available  mineral  constituents,  that  the 
ceediug  crop  with  its  comparatively  meagre  demand,  and 
which  the  former  is  known  to  bo  so  subservient  by  the  i 
it  leaves  behind  it,  was  little  likely  to  find  them  wanting? 

Baron  Liebig,  however,  carriea  the  mineral  explanation  of 
tation  very  much  further,  when  he  says,  in  regard  to  M. 
gault's  opinions:  — 

"  But  all  these  conclusions  nre  thoroughly  erroneous ;  for,  if  thry  < 
so,  it  must  follow  thrrt  potass,  limrt  and  $Um  ptftrtts,  ttw/tw  they  M<  v 
the  leguminoscTt  would  do  I  produce  any  nitro^n,  unless  tbej  were  suppT  J 
with  manure  containing*  that  element*"— 4fA  Edition,  p,  *20&r 

Nor  could  Baron  Liebig  have  reasoned  as  he  did  in  regarcl  *° 
the  analysis  of  M,  Boussingault  s  rotations,  had  he,  not  o» 
dwelt  more  upon  the  composition  of  each  individual  crop  fi^ 
their  relations  to  each  other,  but  at  the  same  time  recogni^-* 
that  which  he  will  not  even  now  admit,  namely,  that  any  *J 
creased  produce  of  wheat  is  obtained  only  at  the  cost  of  m< 
nitrogen  provided  in  the  manure  than  is  recovered  in 
increased  produce. 

But  let  us  see  how  the  mineral  theory  of  rotation^  as  exprefi 
in  Baron  Liebig  s  35th  Proposition,  is  consistent  with  the 
dence  of  direct  experim  enfc, 

In  Table  VIII,  we  have  the  chemical  statistics  of  three  ae* ■r*  * 
rotations;  in  each  of  which  the  course  consisted  of 
turnips,  barley,  clover,  and  wheat ;  and  in  all  cases  the 
produce  of  the  swedes  (both  leaf  and  root)  was  removed 
the  land. 

In  rotation  1 ,  the  course  commenced  without  any  manure a^  1 
In  rotation  2,  it  commenced  with  a  manure  of  superphogpl1^^ 
of  lime  alone. 

And  in  mhdimi      with  u  liU-rnl  ml\>--d  manure,  con! 
rape-cake,  ammonia-salts,  potash,  soda,  and  magnesia, 
superphosphate  of  lime. 

The  constituents  per  acre  which  are  calculated  are — dry  org**  ^ 
matter,  nitrogen,  total  mineral 
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►t^ash,  lime,  magnesia,  and  silica  contained  in  the  latter.  Tin 
y  organic  matter,  nitrogen,  and  mineral  matter,  are  in  most 
set  calculated  from  direct  determinations,  made  on  the  produce 
tziie  different  plots ;  but  in  any  cases  where  such  direct  results 
er<e  not  attainable,  the  averages  of  allied  cases  have  been  taken. 

constituents  of  ash  are,  however,  in  all  cases  calculated  from 
^  adopted  average  percentage,  deduced  from  a  consideration  of 
1  i^ecorded  analyses  with  which  we  are  acquainted,*  taken  in 
>**nexion  with  the  analyses  of  similar  ashes  made  in  the  labora- 
>ry  at  Rothamsted : — 

A^i-JS  VIIT. — Chemical  Statistics  of  three  Rotations,  constituents  per  acre 
OH*.).   Entire  prodiu-e  of  Swedes  (leaves  and  roots)  carted  off  the  land. 


IMS.  1819. 
Swedes.     j  Barley. 


1850. 
Clover 


1861. 
Waeat. 


Rotation  1. — Swedes,  nnmanureo'. 


organic 
•itrogen  



^o«j)ij0ric  acid 





Ttf^riegia  

'Uica*   


2460-  • 

3872* 

4325- 

4315- 

64* 

52- 

142- 

67* 

127-  , 

i 

17* 

417- 

217- 

11*5  I 

211 

31-3 

24  r> 

33-8  ! 

81-3 

83-5 

33-4 

193  | 

12-6 

125-2 

11-4 

3-3  : 

7-2 

35-5 

7-2 

20  1 

1 

921 

125 

125-8 

Rotation  2. — Swedes,  by  Superphosphate  of  Lime. 


r^  organic  ... 

**"ogen  

**«iral   

^phoric  acid 

'**»h   

tie  

RTiesin  

c**   


3945-  1 

2810- 

4450- 

4583- 

98-  1 

38- 

146- 

60* 

228- 

129-  : 

429* 

238- 

207  ! 

16  0  ; 

32-2 

26-7 

610  | 

22-8  j 

859 

365 

34-4 

8-8 

128-d 

12-4 

5-9 

5-3  , 

36-5 

7-9 

37 

653  | 

12  9 

1379 

Rotation  3.  —  Swedes,  by  mixed  Manures. 


organic   

.  i  4984- 

3269- 

5164- 

4520- 

og«n  

.  :  139- 

45 

170- 

59- 

<r»l   

.;  «. 

146 

498-  1 

234- 

nhoric  acid   

I  19-9 

1  7*8 

374 

25  6 

h   

58-3 

2;V6 

99-7 

35-6 

.  |        36  9 

100 

1195  1 

12  > 

*ia Z 

.  i         6  0 

60 

42-3  ! 

76 

•  i  -7 

73  8 

,          149  j 

■  i 

136-6 

*  lu  some  cases  tatul 

is  obviously 

in  eluded  \\ 

itli  the  «•  .silica.* 

mwli  more — of  phosphoric  acid,  poUish,  lime,  and  magnes 
off  the  bind  in  the  clover  crop,  than  in  either  the  barley  or  t\ 
And  it  should  be  remarked,  that  the  produce  of  wheat 
after  the  interposition  and  heavy  mineral  exhaustion  of  th 
was  in  every  case  a  very  full  one ;  in  fact,  it  was  such  in 
that  we  have  every  reason  for  concluding,  that  it  was  near] 
what  would  have  been  obtained  had  it  been  grown  imn 
succeeding  the  barley.  The  fact  is,  therefore,  that  w 
very  much  larger  produce  of  wheat  after  this  great  drain 
land  of  phosphoric  acid,  potash,  lime,  and  magnesia, 
should  have  had  without  the  intervention  of  the  crop  w 
tracted  them.  But  there  is  one  mineral  constituent, 
silica,  which  was  taken  out  in  very  small  quantity  by  th 
though  in  very  large  quantity  both  by  the  preceding  ba 
the  succeeding  wheat. 

If,  therefore,  the  benefit  of  the  intervention  of  the  cl 
pended  upon  its  exhausting  less  of  certain  mineral  con 
of  the  soil  than  the  wheat  which  was  to  succeed  it,  it  cc 
be  in  reference  to  silica  that  it  had  this  beneficial  action.  B 
Lit >big  has  told  us,  that,  provided  there  be  a  sufficiency 
able  alkali  in  the  soil,  there  will  never  be  a  deficiency  of  : 
silica.  And  if  this  be  so,  since  we  find  that  in  every  case,  t 
found  in  the  land  nearly  three  times  as  much  potash  as  was 
by  the  succeeding  heavy  crop  of  wheat,  we  can  hardly 
the  benefit  of  the  clover  upon  the  wheat  crop  to  its  cons 
of  soluble  silica  in  the  soil  for  the  latter.    But  further, 
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Taking  together,  then,  the  now  established  facts,  that  the 
supply  of  available  nitrogen  to  a  cultivated  soil,  greatly  increases 
the  produce  of  wheat, — that  the  clover,  which  has  the  same  effect, 
has  rendered  the  soil  much  poorer  in  all  the  important  mineral 
constituents  required  by  the  wheat,  except  silica, — and  that  the 
clover  again  is  known  to  yield  twice  or  three  times  as  much 
nitrogen  per  acre  as  a  cereal  grain  when  equally  provided  with  it 
by  manure,  and  that  it  also  leaves  a  large  amount  of  organic 
residue  in  the  land, — have  we  not  in  these  facts,  sufficient  ground 
for  concluding,  that  the  beneficial  effect  of  the  leguminous  clover 
has  been  the  accumulation  from  atmospheric  sources  within  the 
soil  itself,  of  available  nitrogen  for  the  increased  growth  of  the  cereal 
grain  ?    And  have  we  not  in  this  fact,  taken  in  connection  with 
that  of  the  much  larger  amount  of  nitrogen  required  in  manure 
than  is  obtained  in  an  increased  produce  of  wheat  obtained  by 
its  use,  the  clearest  key  to  the  benefits  of  the  so-called /aZZow  crops 
in  alternation  with  grain  ?     Have  we  not  in  these  facts  the 
clearest  proofs,  that  the  rotation  of  crops  does  not  depend  "  on  the 
unequal  quantity  and  quality  (solubility,  Ac.)  of  the  mineral 
constituents,  and  on  the  unequal  proportions  in  which  they  are 
required  for  the  development  of  the  different  cultivated  crops  ?  " 
And  how,  we  would  ask,  if  an  adequate  increased  growth  of  corn 
be  only  attainable  by  the  accumulation  of  available  nitrogen  within 
tte  soil — and  if  one  of  the  chief  means  of  the  farmer  to  this  end 
*ere  a  rotation  of  crops,  by  which  he  is  enabled  "  to  produce 
manure  for  his  corn  crops,  that  is,  for  the  growth  of  his  saleable 
Produce  " — and  if  the  great  object  to  be  attained  in  our  time  is 
"to  substitute  for  a  rotation  of  crops  a  rotation  of  the  proper 
inures " — how,  we  would  ask,  would  an  adequate  increase  of 
P*in  be  possible  under  such  circumstances,  by  the  supply  of  a 
^btiion  of  manures  from  without,  founded  on  a  knowledge  of  the 
^position  of  the  ashes  of  the  crop  to  be  grown  ? 
To  resume — as  the  result  of  our  whole  inquiry  we  conclude : — 
1.  That  the  manure  indicated  by  the  resultant  requirements  of 
^itish  agriculture  has  no  direct  connexion  with  the  composition 
°*  the  mineral  substances  collectively  found  in  the  ashes  of  the 
Pj^Hiuce  grown  on,  or  exported  from  the  farm  ;  and  that  the 
^f^ct  mineral  manures  which  are  required,  are  not  advan- 
J^S^ously  applied  for  the  direct  reproduction  of  the  exported  corn, 
*s*  8hould  be  used  for  the  green  or  fallow  crops — one  of  whose 
Jr^oes  it  is,  to  collect  from  the  atmosphere,  or  to  conserve  on  the 
available  nitrogen,  for  the  increased  growth  of  the  cereal 
P^ins. 

,        That  the  nitrogen  required  to  be  provided  within  the  soil  for 
purpose,  is  far  greater  than  that  contained  in  the  increase  of 
J)t^>duce  obtained  by  it. 
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S.  That  the  chemical  effects  of  fallow,  in  increasing  the  growth 
of  the  cereal  grains,  are  not  measurable  by  the  amount  of 
additional  mineral  food  of  plants  liberated  thereby,  these  bei 
under  ordinary  cultivation,  in  excess  of  the  assimilable  nitrogen 
existing  in  or  condensed  within  the  soil  in  the  same  period  of 
time.  The  amount  of  the  latter  therefore — (i.e.)  the  available 
wtdropen— is  the  measure  of  the  increased  produce  of  grain 
which  will  be  obtained. 

4.  That  the  beneficial  effects  of  rotation,  in  increasing  the  pi 
duction  of  saleable  produce  (so  far  as  they  are  chemical),  are  i 
explained  by  the  fact  of  one  plant  taking  from  the  soil  more  of 
the  different  mineral  constituents  than  another,  but  depend  on 
the  property  of  the  so-called  green  mfaltmu  crops  of  bringing, 
or  conserving,  upon  the  farm,  more  substance  rich  in  nitrogen 
than  is  yielded  to  them  in  manure  j  whilst  the  crops  to  which 
they  are  subservient,  are  both  largely  exported  from  the  farm* 
and  yield  in  their  increase  considerably  less  nitrogen  than  ia 
given  to  them  in  manure. 

5-  In  a  word — that,  in  the  existing  condition  of  British  agri- 
culture, a  full  production  of  the  saleable  cereal  grains,  with  other 
exportable  produce,  ia  only  attainable,  whether  by  manures,  faUau>9 
or  rotation,  provided  there  be  an  accumulation  of  available  nitro- 
gen within  the.  ml  itself. 


Rolhvmsttd,  Herts,  Btcemhtr,  1855, 
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In  the  year  1849,  when  wheat  was  selling  at  55.  per  bushel,  and 
the  "  Stout  British  Farmer 99  was  complaining  of  the  badness  of 
the  times,  and  felt  somewhat  perplexed  how  to  pay  his  rent  and 
retain  a  little  surplus,  there  appeared  a  pamphlet  entitled  *  A 
Ward  in  Season,'  in  which  the  author  explained  his  method  of 
growing  wheat  year  after  year  without  manure ;  and  he  promised 
to  those  who  would  adopt  his  system  and  follow  his  directions,  a 
profit  of  4/.,  5/.,  or  6/.  per  acre.  Of  the  numerous  essays  which 
have  been  published  on  agricultural  subjects  of  late  years,  few 
have  attracted  more  attention  than  this.  Commencing  its  career 
in  1849  as  a  pamphlet  of  less  than  twenty  pages,  it  has  since 
gone  through  edition  after  edition,  until  now,  in  1856,  we  find  the 
subject  much  extended,  and  presented  as  a  book  of  120  pages. 

In  this  little  book,  entitled  '  Lois  Weedon  Husbandry /  the 
author,  the  Rev.  S.  Smith,  goes  into  considerable  detail  not  before 
given,  as  to  his  mode  of  growing  root  and  other  green  crops. 
But  confining  attention  for  the  present  to  wheat,  it  may  be  ob- 
served, that  although  Mr.  Smith  has  from  time  to  time  made 
various  important  alterations  in  the  detail  of  the  operations  by 
which  his  system  is  to  be  carried  out,  he  has  in  no  way  deviated 
from  his  original  principle  of  growing  this  crop  year  after  year  in 
the  same  field ;  the  land  being  subdivided  into  alternate  strips  of 
crop  and  fallow,  the  portion  cropped  one  year  being  fallowed  the 
next,  and  so  on.    A  great  number  of  intelligent  agriculturists 
We  visited  the  Lois  Weedon  farm,  and,  after  an  inspection  of  the 
crops  growing  on  the  plans  there  adopted,  have  generally  been 
fctufied  that  the  produce  has  been  what  the  published  accounts 
Wl  stated  it  to  be.    Yet  it  is  somewhat  singular  that  those  who 
We  endeavoured  to  follow  the  directions  given,  on  other  soils, 
We  generally  been  unsuccessful. 

The  object  of  the  present  paper  is  to  give  an  account  of  some 
^periments  which  have  been  in  progress  for  several  seasons  past, 
a  view  of  testing  the  applicability  to  the  Rothamsted  soil  of 
tie  system  described  in  4  A  Word  in  Season*  And  besides  dis- 
CQtting  the  experiments  themselves,  we  propose  to  consider  some 
points  of  interest  which  the  principle  of  the  Lois  Weedon  system 
Solves ;  for  although  doubts  may  be  entertained  by  \rca.c\\c»\ 

as  to  the  possibility  of  cultivating  large  farms  on  aucYv  *  \\*xv% 
!*Quist  still  be  admitted  that  the  results  which  have  been  oV^Vaitve^ 
*9  the  Rev.  Mr.  Smith  himself,  are  calculated  to  impTesavx\**\ 
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most  important  lessons  regarding  the  rationale  of  admitted  agri- 
cultural facts  and  practices.  They  teach  us,  too,  how  groat,  in 
certain  kinds  of  soil,  must  be  at  once  the  inherent  wealth  and  the 
power  of  accumulation  and  of  yielding  up  to  the  growing  crop 
the  constituents  upon  which  it  feeds. 

In  the  year  1#51  about  three  acres  were  selected  for  our  pur- 
pose, in  a  field  adjoining  that  which  has  been  devoted  for  so 
many  years  to  the  continuous  growth  of  wheat  with  and  without 
artificial  or  other  manures.  The  soil  of  these  fields  is  a  heavy 
loam,  with  a  subsoil  of  stiff  reddish  yellow  clay,  which  rests  upon 
chalk.  The  depth  from  the  surface  to  the  chalk  is  perhaps  never 
less  than  six  or  seven  feet,  and  frequently  twice  as  much;  the 
natural  drainage  is,  however,  good.  These  soils,  without  being 
of  high,  are  still  of  good  average  quality,  and  capable  of  growing 
good  wheat  crops.  They  are  well  suited,  therefore,  to  test  the 
degree4  of  applicability  to  other  soils,  of  plans  proposed  for  ex- 
tensive adoption  in  the  cultivation  of  that  crop.  The  field  selected 
was  under  wheat  in  1850,  and  was  a  bare  fallow  in  1851,  prior  to 
commenc  ing  the  Lois  VVeedon  operations  in  the  autumn  of  that 
>ear.  For  the  first  crop  the  land  was  ploughed  and  harrowed  in 
the  ordinary  way,  and  then  set  out  in  three  feet  strips  ;  of  these, 
every  other  one  was  sown  with  three  rows  of  wheat  a  foot  apart, 
and  the  intermediate  ones  were  left  as  fallow  spaces,  to  be  prepared 
for  the  second  year's  crop  during  the  growth  of  the  first  It  will 
be  seen,  that,  as  each  strip  was  three  feet  wide,  and  as  the  three 
rows  at  a  foot  apart  would  only  occupy  two  feet,  there  were  in 
fact  Jon r-feet  fallow  spaces,  as  is  recommended  by  Mr.  Smith  in 
some  cases,  instead  of  only  three,  as  adopted  in  his  own  practice. 

The  first  sowing  was  in  September  1851,  and,  not  having  the 
special  implements  since  recommended  for  carrying  out  the  plan 
on  tin?  hu  ge  scale,  the  seed  was  dilbled  in,  at  a  distance  of  two  to 
three  inches  apart  in  the  rows.  One  portion  of  the  experiment 
ground  had  a  single  seed  dropped  into  each  hole,  thus  conforming 
as  far  as  possible,  to  Mr.  Smith's  mode  of  sowing  single  seeds 
two  to  three  inches  apart  in  lines  made  with  his  presser ;  another 
and  larger  portion  of  the  plot  had  two  seeds  in  each  hole.  It  was 
found  that  the  one-seed  portion  took  little  more  than  half  a  perk 
of  seed  per  acre,  that  is,  half  a  peck  to  the  moiety  of  the  acre 
seeded  at  one  time.  The  Rev.  Mr.  Smith,  however,  seems  always 
to  have  calculated  upon  two  pecks  of  seed  being  used,  even  though 
sown,  as  above  described,  in  single  grains,  at  two  to  three  inches 
apart  in  the  rows.  And  although,  where  we  sowed  two  seeds  in 
each  hole,  or  twice  as  much  as  is  recommended,  we  got  on  little 
more  than  a  peck  to  the  acre,  yet  it  is  but  justice  to  Mr.  Smith 
to  stiitc,  that  lu;  now  funis  a  more  liberal  seeding  necessary 

for 

safety  and  security  from  \jY\s\y\,,  U>  \n\\\c\\^%  nsill  afterwanls  be 
our  product*  obtained  o\\  l\\V*  \Avw\  nnw*  m 
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may  here  be  further  mentioned,  that  not  having  the  special 
ements — the  "presser  implement"  the  drill  "to  drop  seed  hy 
Into  the  hard  channels"  the  "  roller  implement"  the  "  horse-hoe 
mtent,"  and  the  "  scarifier  and  harrow  implement " — which 
ecommended  in  Mr.  Smith's  later  editions  for  carrying  out  his 
on  an  extensive  scale,  we  were  obliged  to  adopt  his  earlier 
tods,  by  which,  however,  his  records  show,  that  he  obtained  as 
,  if  not  as  economical  results,  as  by  his  later  ones, 
sfore  the  adaptation  of  special  implements,  Mr.  Smith's  plan 
prised  "  one  double  digging,"  "  two  single  diggings,  with 


'  "  pressing,  sowing,  hoeing,"  &c. 
be  following  is  a  concise  statement  of  the  operations  carried 
it  Rothamsted,  for  each  of  the  four  crops  respectively,  which 
been  obtained  in  the  course  of  this  experiment.  And  it  may 
be  premised,  that  one  of  the  three  acres  was,  for  the  sake  of 
parison,  set  apart  for  alternate  wheat  and  summer  fallow — 
allow  being  cultivated  according  to  the  common  custom  of 
neighbourhood. 
First  Crop,  1851-2:— 

Tieat,  harvest  1850;  summer  fallow  1851;  ploughed,  har- 
ri,  &c,  in  the  ordinary  way,  and  sown  with  one  seed,  and  two 
^as  above  described,  September  1851  ;  hand-hoed  twice,  and 
led  as  other  crops.  Crop  foul,  poor,  and  much  blighted ; 
in  August  1852. 

ommon  fallow  acre  all  sown  autumn  1851 ;  seed  drilled  at 
rate  of  about  two  bushels  per  acre,  in  rows  9  inches  apart ; 
I  and  weeded  as  usual.  Crop  heavy,  but  somewhat  blighted. 
Second  Crop,  1852-3:— 

he  fallow  intervals,  which  were  not  sown,  trenched  14  to  15 
es  in  December  J  851  ;  forked  in  spring,  and  again  before 
Jig;  occasionally  spudded,  but  became  foul  and  crusted  over 
Dg  the  summer.  Seed  sown  as  for  first  crop,  October  1852  ; 
!  twice,  and  weeded  as  usual.  Crop  not  clean,  poor,  and 
lied ;  cut  September  1853. 
ommon  fallow  acre,  all  fallow  in  1852-3. 
Third  Crop,  1853-4  :— 

ubble  of  harvest  1852,  trenched  14  to  15  inches  December 
!;  forked  in  the  spring;  spudded  occasionally,  and  again 
id  before  sowing.  Sown  as  above,  October  1853 ;  hoed 
»,  and  weeded  as  usual.  Crop  pretty  clean,  but  poor,  and 
ited  ;  cut  September  1854. 

nmnon  fallow  acre  all  drilled,  as  before  ;  hoed  and  weeded  as 
I.    Crop  very  heavy,  somewhat  blighted. 
Fourth  Crop,  1854-5:— 

ubble  of  harvest  1853,  trenched  14  to  15  inches  \tv  instate 

c 
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1853 ;  forked  in  the  spring ;  occasionally  spudded,  and  scarified 

before  sowing.    Seed  sown  as  usual,  September  1854  ;  twice  s 

hoed,  and  weeded  as  usual ;  moulded  up  with  the  plough  in  I«™ 
Crop  clean,  but  poor,  and  blighted :  cut  September  1855. 

Half  only,  of  common  fallow  acre,  drilled  as  usual  for  seasonc^a 
1854-5  ;  hoed  and  weeded  as  usual.  Crop  small,  but  much  les^^H 
blighted  than  before. 

In  the  following  Table  (I.)  are  given  the  results — 

Of  the  four  years'  trial  of  the  Lois  Weedon  plan  ;  one  portioMHi 

with  "  one  seed"  and  another  with  "two  seeds"  in  each  hole. 

Of  the  "  common  fallow  "  acre,  drilled  with  about  two  bushel  * 

of  seed  per  acre. 

And,  for  the  sake  of  comparison,  the  produce  in  each  of  the  fouM-  r 
years,  of  the  continuously  unmanured  and  continuously  croppe- 
portion,  in  the  adjoining  experimental  field. 

This  Table  (I.)  shows,  that  in  each  of  the  four  years  a  larg^^*" 
crop  was  obtained  where  ttco  seeds  were  sown  in  each  hole  tha 
where  one  only  was  sown ;  and  a  reference  to  the  weight  pes*" 
bushel,  proportion  of  offal  corn,  and  proportion  of  corn  to  iUuw^» 
wiil  show  that  the  "two-seed"  crop  was  also  invariably  somewhemt 
better  as  to  quality.    As  before  observed,  however,  it  is  only  dis  « 
to  the  Rev.  Mr.  Smith  to  say,  that  "for  the  sake  of  tlie  sample  arM^ 
for  safety  sake"  lie  now  recommends  the  seed  to  be  sown  thick^^x* 
than  he  did  formerly;  though  even  in  the  later  editions  of  tL»^ 
'  Word  in  Seaso?i,'  he  still  advised  that  the  seed  should  be  dropped! 
singly,  at  two  to  three  inches  apart  in  the  rows.    But,  even  wi 
the  two  seeds,  the  crop  is  in  every  case  quite  insignificant;  and 
should  be  noticed  that  it  is  only  in  the  first  year — that  is,  befo*"^ 
the  subsoil  was  brought  up — that  this  thin  dibbled  crop 
larger  than  the  comparatively  thickly  drilled  one  on  the  con- 
tinuously cropped  and  continuously  unmanured  plot  in  the  m*^"' 
joining  field.    Further,  comparing  the  best  of  the  two,  namely 
the  two-seed  crop,  with  the  drilled  one  after  common  fallow, 
find  that  the  latter  in  each  year  gives  from  twice  to  thrice  r*fc»c 
amount  of  produce  of  the  former. 

With  regard  to  the  drilled  crop  on  the  common  fallow,  it  ghoial** 
be  remarked  that,  in  the  first  season  (1851-2),  the  whole  acre 
sown ;  in  the  second  season  the  whole  acre  was  fallow ;  and 
the  third  the  whole  was  again  sown.    But,  as  this  plan  only  ga^* 
a  crop  for  comparison  every  other  year,  the  plot  was  divided  i*»**J 
two  portions  after  the  harvest  of  1854,  which  were  to  be  croppy* 
or  fallowed  alternately.    Comparing  together  the  produce  of  tt>lS 
common  fallow  portion,  with  that  of  the  continuously  unmanured  pf&*  , 
in  the  adjoining  field,  we  see  that,  in  1852,  the  common  fallo**  J 
gives  nearly  three  times  the  most  \  in  1854  it  gives  ratf>er  J 
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more  than  twice  as  much  ;  and,  as  we  shall  see  in  the  next  Table, 
in  185fi,  it  gave  once  and  a  half  as  much  as  the  continuously 
cropped  and  continuously  unmanured  plot 

In  contrast  to  these  very  marked  effects  of  fallow,  it  is  inte- 
resting to  observe,  that  when  in  1855  this  common  fallow  plot  grew 
wheat  after  wheat,  the  produce  was,  within  half  a  bushel  of  corn 
and  within  half  a  hundredweight  of  straw,  the  same  as  was 
obtained  on  the  continuously  unmanured  plot  of  the  adjoining 
field  in  that  same  season,  which  was  the  twelfth  in  succession  of 
wheat  on  that  plot.  So  perfect  an  illustration  could  hardly  hare 
been  expected,  of  the  fact  of  the  equal  wheat-growing  condition  to 
which  these  two  adjoining  fields  were  reduced  by  the  growth  of 
the  crop ;  or,  what  is  the  same  thing,  of  the  absolutely  equal 
condition  for  practical  purposes,  to  which  these  two  soils  were 
brought,  in  relation  to  the  climatic  resources  of  growth  of  one  and 
the  same  season. 

Lastly,  in  regard  to  these  effects  of  fallow,  it  may  be  noticed 
that  in  no  case  is  the  amount  of  produce  found  to  be  equal 
simply  to  the  sum  of  the  continuous  unmanured  produce  of  the 
season  of  the  fallow  and  of  that  of  the  succeeding  crop.  That  is 
to  say,  the  produce  after  fallow  is  not  simply  the  produce  of  that 
particular  season,  taken  together  with  that  of  the  immediately 
preceding  season.  It  is  the  result,  not  only  of  the  unexpended 
resource  of  the  fallow  year,  and  of  the  resources  (atmospheric 
and  terrestrial)  of  the  actual  season  of  growth,  but  there  i» 
also  an  effect  of  the  season  of  growth  (whether  for  increase  or 
decrease),  reacting  itself  upon  a  two  years'  resource ;  and  conse- 
quently, throughout  the  season,  upon  a  different  stage  of  progress 
and  area  of  food  collectors  of  the  growing  plant  Or,  the  differ- 
ence between  the  actual  produce  after  fallow  and  the  simple  sum 
of  the  produce  of  the  two  years  may  further  depend  upon  the 
more  or  less  favourable  adaptation  of  season  as  regards  the 
health  if  development  of  the  crop,  as  distinguished  from  the  fflcJ* 
amount  of  the  available  resources  of  the  soil  and  seasons. 

Rut  with  this  very  marked  increase  of  crop  as  the  result  of 
the  common  fallow,  how  is  it  that  the  more  expensive  processes  of 
trenching  and  forking,  with  the  thinner  seeding,  &c,  which  on 
the  soil  at  Lois  Weedon  yielded  such  excellent  results,  have  on 
the  Rothamsted  soil  been  so  ineffective? 

Undoubtedly  the  too  thin  seeding  has  been  one  cause  of  this. 
It  is  also  certain  that  the  same  amount  of  labour  expended  upo° 
the  Rothamsted  soil  as  upon  the  Lois  Weedon  one,  was  quite 
inefficient  to  get  the  same  amount  of  staple  and  of  exposure  of  sur- 
face to  atmospheric  influences.  It  may  be  here  stated,  however* 
that  the  trenching  at  Rothamsted  cost  on  the  average  about  on** 
and  a  /jail'  as  much  as  is  estimated  by  Mr.  Smith.    It  is  granted 
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t  die  more  recent  recommendation,  namely,  that  of 
g  up  the  growing  crop  in  June,  was  only  adopted  in  the 
r  of  the  experiment  (1855),  and  then  with  little  effect, 
he  earlier  recorded  success  at  Lois  Weedon  was  obtained 
this — however  great  the  improvement,  as  undoubtedly 
certainly  was  not  an  essential  in  the  original  plan, 
these  unfavourable  circumstances  admitted  then,  we 
It,  what  is  the  rationale  of  the  failure,  which  these  cir- 
ces  have  had  their  share  in  causing  ?  Was  the  available 
food  for  the  crop  deficient  in  this  turned-up  raw  clay 
with  the  good  upper  staple,  weathered  perhaps  for  cen- 
k>w  turned  below  for  the  descending  roots  to  play  in  ? 
it  rather  that  the  upper  staple  being  now  buried,  or 
termixed  with  the  subsoil,  there  was  rendered  available 
own,  and  from  fresh  atmospheric  resources,  less  of  the 
r  atmospheric  food  of  the  crop ;  and  that  the  raw  sub- 
t  recently  exposed  to  direct  atmospheric  influences, 
so  to  speak,  to  prepare  for  the  plant,  and  to  accumulate 
an  available  form,  also  less  of  the  normally  atmospheric 
>lants? 

>mmunicating  our  failure  after  four  years'  trial  to  the 
.  Smith,  he  suggested  the  probability  that  it  was  due  to 
>f  a  sufficient  amount  of  the  mineral  constituents  of  the 
[ant  being  rendered  soluble  and  available ;  and  that,  in 
the  requisite  supply  of  mineral  matter  should  be  made 
nanure;  believing  that  then,  the  soil  having  become 
id  and  porous,  there  would  be  an  abundant  supply  of 
tubstance  provided  by  the  atmosphere, 
the  soil  in  question  was  not  relatively  deficient  in  soluble 
ilable  mineral  food,  and  that,  under  certain  circum- 
there  was  provided  an  abundant  supply  of  organic  food 
jr  much  larger  crop,  was  proved  much  more  conclusively  by 
uce  of  the  common  fallow  acre  than  any  analysis  of  the 
d  prove  it  To  test,  however,  in  another  way,  what  was 
re  of  the  deficiency  of  the  two-acre  plot,  trenched  to  a 
'  14  to  15  inches  and  afterwards  forked,  it  was,  after  the 
if  1855,  divided  into  four  portions,  in  such  a  manner  that 
be  four  had  an  equal  proportion  of  the  trenched  and  forked 
id  of  the  stubble  ground.  The  whole  was  then  ploughed 
lared  for  sowing  in  the  ordinary  way :  one  portion  was 
lanured,  the  second  received  mineral  manure  only,  the 
imoniacal  salts  only,  and  the  fourth  both  mineral  con- 
and  ammoniacal  salts.  All  four  of  the  plots,  together 
If  of  the  common  fallow  acre  by  their  side,  were  then 
rith  about  two  bushels  of  seed  per  acre  in  the  ordktax^ 
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In  the  following  table  are  given  the  results  of  this  experiment, 
obtained  in  the  season  1855-6  just  passed.  For  the  sake  of  aim* 
parison,  then;  is  first  given,  in  the  upper  portion  of  the  table,  the 
average  annual  result  for  the  four  previous  years,  of  the  <iowc«fo/,w 
of  the  "  tiro  seed"  and  of  the  "  drilled  common  fallow*9  plots;  and 
also  the  average  for  the  same  years,  of  the  continuously  unmanured 
plot  in  the  adjoining  field.  And,  in  the  lower  portion  of  the  table, 
is  given  the  produce  at  the  last  harvest  (185b),  in  the  adjoining 
field  (where  wheat  is  grown  year  after  year  without  or  with  similar 
manures  successively),  of  the  continuously  unmanured  plot,  and  of 
the  plots  having  the  same  manures  as  those  now  applied  ti  the 
Lois  Weedon  plots.  The  manuring  of  the  plots  was,  per  acre, 
as  under: — 

1.  Cnmanured. 

2.  Mineral  Manures  only. 

300  11 sulphate  of  potash. 
200   „         „  soda. 
100   „         „  magnesia. 
2(>0   „  calcined  bone.  1 
1  fiO   „  sulphuric  acid  (brown). ) 

Ammonia  Salts  only. 

200  lbs.  sulphate  of  ammonia. 
200  „  muriate  of  ammonia. 

1.  Minerals  and  Ammoniacal  Salts, 

300  lbs.  sulphate  of  potash. 

200  „  „  soda. 

loO  „         „  magnesia. 

200  „  calcined  bone.  1 

150  „  sulphuric  acid  (brown).  I 

2<>0  „  sulpliatc  of  ammonia. 

200  „  muriate  of  ammonia. 

Looking  at  the  middle  division  of  the  table,  which  shows  the 
e fleets  of  manures,  &c,  on  the  trenched  and  forked  land, and  also 
the  produce  on  the  common  fallow  portion,  it  must  be  borne  in 
mind  that,  in  point  of  fact,  rather  more  than  half  of  the  former 
was  fallow,  and  less  than  half  of  it  under  crop,  in  the  previous  year; 
and  that,  moreover,  smaller  amounts  of  produce  had  been  taken 
from  this  than  from  the  common  fallow  portion  during  the  four 
previous  years.  In  comparing,  therefore,  the  produce  now  ob- 
tained by  thicker  sowing,  manure,  &c,  on  this  land  with  that  on 
the  common  fallow  plot,  we  must  remember  that  the  former  wai 
also  in  great  part  fallowed,  and  that  the  whole  of  it  was  }e*» 
exhausted  by  previous  cropping  than  the  common  fallow  portion. 
Keeping  this  in  mind,  it  is  seen  that  the  unmanured,  trenched, 
and  part-fallow  portion,  gave  within  a  bushel  as  much  corn,  and 
actually  a  few  pounds  moxc  straw  and  more  total  produce  than  the 
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common  fallow.  It  is  evident,  therefore,  that  the  less  produce  on 
the  trenched  portion  in  the  previous  years,  was  in  greater  measure 
due  to  the  thin  seeding  on  the  comparatively  poor  and  raw  turnecJ- 
up  subsoil,  than  to  any  relative  deficiency  or  want  of  available 
condition  of  the  food  of  the  plant  within  the  soil — provided  only 
that  a  sufficiently  healthy  early  development,  and  a  sufficiently 
wide  distribution  of  the  underground  feeders  of  the  crop,  were 
but  obtained. 

Taking  the  produce  of  this  unmanured  portion  thus  explained, 
as  the  standard  by  which  to  compare  the  effects  of  manures  *>n 
land  in  the  same  condition,  we  find  that — 

"  Mineral  manures  only" — gave  an  increase  of  not  quite 
bushels  of  total  corn,  and  of  only  284  lbs.  of  straw. 

"  Ammoniacal  salts  only  " — gave  an  increase  of  about  15  bush cr  I  as 
of  total  corn,  and  of  1(51)5  lbs.  of  straw. 

"  Minerals  and  ammoniacal  salts'' — gave  an  increase  of  ratlxc**" 
more  than  20  bushels  of  com,  and  of  2757  lbs.  of  straw. 

These4  striking  results  can  leave  no  doubt  that  the  miner**-! 
supplies  in  the  soil  in  question  were  far  in  excess  over  the  avn.il ~ 
able  and  assimilable  nitrogen.  A  comparison,  too,  of  the  midcH^ 
and  the  lowest  divisions  of  the  Table  will  show  that,  if  wetakeint*^ 
consideration  the  very  different  condition  of  the  land  in  the 
cases,  the  effec  ts  of  these  manures  on  the  Lois  Weedon  or  trench^** 
plots,  were  perfectly  consistent  in  kind  (though  of  course  noteqti*** 
in  degree)  with  those  of  the  same  manures  in  the  adjoining  fid*** 
where  they  have  been  applied,  and  the  crop  has  been  grown,  (**T 
many  years  in  succession. 

Hundreds  of  other  experiments,  and  the  whole  range  of  record^*-* 
agricultural  experience,  conspire  to  show,  that  in  ordinarily  cropp^c* 
and  cultivated  soils,  the  available  mineral  supplies  are  general ^ 
in  excess  relatively  to  the  available  supply  of  nitrogen  of  the 
and  season,  in  the  case  of  the  wheat  crop  :  in  fact  that,  except 
in  cases  of  very  special  and  unusual  exhaustion  of  the  mineral 
soil- proper  constituents,  the  direct  supply  of  them  by  manure 

JOT 

wheat  does  not  increase  the  crop  in  any  practicable  and  agric**  " 
tural  degree,  unless  there  be  a  liberal  provision  of  available 
assimilable  nitroyen  within  the  soil.  The  results  given  above  **re 
a  remarkable  illustration  of  this.  Thus,  when  the  mineral  cr*>lV 
stituents  alone  were  added  to  this  part  fallow  and  only  part  cr**f*T 
exhausted  land,  they  gave  an  increase  of  only  438  lbs.  of  t***11 
produce ;  but  when  the  same  mineral  constituents  arc  added  *° 
the  same  soil  with  ammoniacal  salts,  the  increase  over  and  al>«>ve 
that  by  ammoniacal  salts  alone  is  1368  lbs.,  instead  of  only  438  H*** 
Here,  too,  is  a  sufficient  incidental  proof  that  the  minerals  ^v"^e 
added  in  an  available  form ; — indeed,  that  they  only  required  an"1" 
cirnt  .available  nitrogen  within  the  soil  to  yield  a  larger  crop  th**0 
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aid  be  obtained  in  the  average  of  seasons  on  such  soil  by  the 
linary  means  of  fanning. 

But  turning  now  from  the  effect  of  the  mineral  constituents  to 
U  of  assimilable  nitrogen  in  manures,  we  have  in  these  simple 
periments  the  best  answer — namely,  that  of  direct  contrary 
t — to  those  who  would  endeavour  to  persuade  the  farmer,  that 
*use  the  soil  itself  contains  hundreds  of  times  more  nitrogen 
a  the  largest  crop  of  wheat,  therefore  the  comparatively  small 
mtity  which  is  added  in  an  ordinary  dressing  of  manure  can 
e  little  or  no  effect.  We  shall  recur  to  the  subject  of  the 
x>gen  in  soils  further  on,  should  our  allotted  time  permit  it.  In 
mean  time  let  it  be  prominently  noted,  that  whilst  the  minerals 
ae  gave  a  total  increase  of  only  438  lbs.,  the  ammoniacal  salts 
ic  gave  2573  lbs.  of  increase !  And  again,  whilst  the  addition 
ainerals  to  ammonia  gave  an  increase  of  1368  lbs.,  the  addi- 
l  of  ammonia  salts  to  minerals,  on  the  other  hand,  gave  an 
*ease  of  3503  lbs. ! 

Mhere  can  now  be  little  difficulty  in  deciding,  that  it  was  no 
iciency  of  available  mineral  food  merely,  which  prevented  the 
at  for  itself,  or  the  soil  in  the  first  instance  for  it,  from 
uiring  a  sufficiency  of  available  and  assimilable  organic  con- 
Uents  for  the  growth  of  a  very  much  larger  crop  than  was  in 
t  obtained  from  this  expensively  cultivated  land.  It  was,  on 
other  hand,  notwithstanding  the  "  inexhaustible  "  supplies  of 

atmosphere,  and  notwithstanding  the  enormous  amount  of 
"ogen  in  the  soil  in  some  form — it  was,  notwithstanding  these 
;  deficiency  of  available  and  assimilable  nitrogen  within  the  soil, 
ich  restricted  the  full  action  of  the  obviously  available  minerals, 
i  which  hence  restricted  the  produce  also,  to  an  amount  below 

average  of  farming.  Whilst,  only  make  up  this  deficiency  of 
liable  nitrogen,  and  the  produce  is  increased  to  once  and  a 
T  or  twice  as  much. 

t  appears,  then,  that  the  same  means  which  afforded  the  Rev. 
.  Smith  his  early  success  on  the  soil  at  Lois  Weedon,  were 
te  incompetent  to  yield  a  similar  result  on  the  soil  at  Rotham- 
1.  Nay,  these  same  means,  notwithstanding  that  in  our  case  they 
e  much  more  costly  than  either  Mr.  Smith  had  found  them,  or 
ci  the  common  fallow  which  we  tried  by  their  side,  did  not 
D  attain,  for  the  Rothamsted  soil,  those  mechanical  conditions, 
bout  which  the  necessary  actions  between  soil  and  atmosphere 
Id  not  be  expected  to  take  place.  We  think  it  indeed  very 
btful  whether,  even  if  all  the  more  recent  improvements  in 

J plan  could  have  been  fully  carried  out  at  Rothamsted,  a 
t  would  have  been  obtained  there  at  all  equal  to  that  at  Lois 
iedon.  Certain  it  is,  that  soils  and  subsoils,  which  may  eo^&Wj 
included  as  "clayey"  or  "  lieavy"  or  "  loamy"  \«rj  wsaaaX 
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infinitely  in  degree,  in  physical  character  and  texture,  and  in 
chemical  qualities,  under  the  influence  of  similar  management 
and  of  equal  climatic  circumstances.  We  think,  therefore,  that 
considerable  caution  should  be  exercised  in  the  application  to 
various  descriptions  of  land,  of  plans  which  peculiarly  rely  for 
their  success  on  qualities  of  soil  which  arc  admittedly  so  variable 
in  the  degree  of  their  activity. 


Leaving  the  question  of  the  field-experiments,  let  us  now  turn  to 
a  brief  consideration  of  some  points  of  great  practical  interest  and 
importance,  which  a  careful  study  of  the  relations  of  soil  and 
atmosphere  to  produce,  and  of  the  success  at  Lois  Weedon,  can- 
not fail  to  suggest. 

The  main  peculiarity  of  the  Lois  Weedon  system  of  growing 
wheat  is,  that  it  develops  to  the  utmost  (chiefly  by  mechanical 
means),  and  relies  exclusively  upon,  the  resources  of  the  soil  and 
atmosphere,  without  the  aid  of  manure  :  that  is  to  say,  it  ** 
sought,  by  the  means  employed,  so  to  increase  the  depth  of 
staple,  and  the  area  of  distribution  of  the  underground  feeders  o» 
the  crop,  and  so  to  increase  the  surface  annually  exposed  to 
climatic  influences,  as  to  cause,  not  only  a  greater  annual  liber*-" 
tion  of  mineral  constituents  from  the  otherwise  locked-up  store* 
of  them  in  the  soil  itself,  but  also  a  greater  accumulation  aa** 
elaboration,  throughout  its  more  porous  and  root-searching  are^j. 
of  the  normally  atmospheric  food  of  plants,  and  particularly  ° * 
nitrogen,  in  an  available  and  assimilable  form. 

The  principle  of  relying  upon  the  stores  of  the  soil  aloia^» 
without  return,  for  the  mineral  food  of  successive  crops,  is 

directly 

opposed  to  that  laid  down  for  the  guidance  of  the  agriculture 
in  Xo.  xxxv ii.  of  the  Journal  of  tlie  Royal  Agricultural  Social/9 
by  IJaron  Liebig.    lie  says  : — 

"  Their  heavy  crops  will  jicrhaps  not  bo  rendered  heavier  by  the  restorati^ 
of  nil  the  mineral  constituents,  but  they  will  at  all  events  be  rendered 
i ir hunt.    Wv  shall  never  have  a  rational  agriculture  until,  by  such  t^V^^t 
Hu  nts,  the  law  of  the  fertility  of  the  soil,  in  reference  to  time,  has  beonbroug 
home  to  the  minds  of  agriculturists." — Journal,  p.  313. 

The  conclusion  of  the  Rev.  Mr.  Smith,  looking  from  ^e 
practical  as  well  as  the  scientific  side  of  the  question,  goes  X9^je 
in  a  different  direction.    He  says  to  his  readers: — 

*'  The  assertion  is,  that,  on  wheat  laud, — that  is,  on  the  groat  majority  ^ 
clays  and  heavy  loams, — no  manure  is  required  for  wheat  on  this  plan,  fjj^j, 
its  food  in  abundance  is  there  already." — Lois  Weedon  Husbandry,  pp.  1^**  / 

And  again  (ibid.  103-4),  referring  to  chemists,  he  says  XO  **** 

readers  : — 
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"  Ask  them  plainly,  whether  the  soil  and  suhsoil  of  clays  and  loams,  gene- 
illy  though  not  universally,  do  or  do  not  contain  all  that  is  wanted  as 
lineral  food  for  the  wheat?  Ask  them,  further,  whether  tillage,  and  pul- 
erisation,  and  gradual  exposure,  and  annual  fallows,  will  not  render  soluhle 
sufficiency  of  these  substances  for  your  annual  need  ?  If  they  reply, 4  Yes,' 
ut  demur  to  the  plan,  and  add,  that  in  time  it  will  exhaust  the  capital  of 
be  land, — ask  them  once  more,  *  In  how  long  a  time  ? '  And  if  they  answer, 
Why,  in  some  cases,  in  a  thousand  years  or  more,  in  others  five  hundred,  and 
l  some  a  hundred your  rejoinder  must  be  a  smile  ;  for  you  would  surely  feel, 
hat  even  a  hundred  years'  supply  should  satisfy  living  man." 

Baron  Liebig,  in  the  article  above  referred  to,  also  indig- 
lantly  repudiates  the  notion  that  the  cause  of  the  efficacy  of 
rallow  is  to  be  looked  for  in  the  increase  of  the  amount  of 
unmonia  in  the  soil,  or  that  any  specially  predominant  influence 
*as  to  be  ascribed  to  the  ammonia  which  the  soil  acquires  in 
fellow.  The  Rev.  Mr.  Smith,  on  the  other  hand,  speaking  of 
the  "  organic  "  food — "  carbonic  and  nitric  acid  and  ammonia  " 
—asks,  "  do  not  the  pulverised  intervals  of  the  wheat,  in  the 
innual  fallow,  absorb  and  retain  it  for  use  ?  " 

It  is  rather  curious,  that,  with  such  vital  inconsistencies  of 
rinciple  and  opinion,  the  wheat-growing  operations  and  success 
»  Lois  Weedon,  and  Mr.  Smith's  interpretation  of  them,  should 
(leniently  have  been  brought  forward  in  confirmation  of  the 
^cmliar  views  of  Baron  Liebig.    The  means  by  which  Mr. 
K*ith  obtains  his  large  crops  of  roots  also,  have  recently  been 
Lcluced  *  as  refutation  of  the  views  on  such  points  emanating 
Rothamsted.    But  the  writer  in  question  appears,  as  the 
^  «,  to  misstate  the  extent  and  bearing  of  every  conclusion,  and 
facts,  which  may  happen  to  come  from  Rothamsted.  For 
own  part,  careful  observation  and  inquiry  on  more  than  one 
*it  to  the  spot,  as  well  as  the  perusal  of  Mr.  Smith's  publica- 
^*ls,  lead  us  to  say,  that  we  know  of  no  experience  more  cal- 
tl&ted  to  confirm  the  opinions  we  have  held  in  this  Journal 
££arding  the  requirements  of  growth  of  full  crops  of  wheat  on  the 
hand,  and  of  roots  on  the  other,  than  that  at  Lois  Weedon. 
But  to  return.    The  question  is  of  vital  importance  to  prac- 
agriculture,  however  little  it  may  interest  or  affect  the 
*«arches  of  "  chemists  and  men  of  science," — what  is  the  cha- 
^teristic  nature  of  the  exhaustion  induced  by  the  growth  of  the 
*°st  important  crop  of  the  farm  ?    And,  we  may  add, — whether 
*K>t  soils  generally,  or  soils  of  any  particular  class,  are  compe- 
e°t,  without  injury,  to  sustain  an  annual  extraction  of  mineral 
*****tituents,  and  to  liberate,  or  (either  by  themselves  or  by  the 
•Jants  growing  on  them)  newly  to  acquire  from  the  atmos- 
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phcre,  a  sufficiency  of  nitrogen  for  full  crops,  in  an  available  and 
assimilable  form  V 

Certainly,  if  we  were  to  rely  upon  the  mean  results  of  the 
42  analyses  referred  to  by  Baron  Liebig  (in  No.  xxxvii.  of  the 
Journal  of  the  II.  A.  S.)  in  illustration  of  the  amount  of  nitrogen 
contained  in  soils,  we  should  be  led  to  conclude  that  many  soil*, 
at  least,  had  enough  of  the  mineral  constituents  of  our  crops  for 
thousands  of  years,  under  the  ordinary  practices  of  rotation* 
and  for  hundreds  of  years  of  the  growth  of  wheat  on  the  Ix>lS 
Wcedon   system.     Almost  all   other  published   analyses  of 
soils  wouhl  lead  to  a  similar  conclusion;  in  fact,  we  know  of 
scarcely  any  that  would  not.    It  must  be  freely  confessed,  ItoVf" 
ever,  that  the  methods  by  which  soils  have  hitherto  generally 
been  analysed,  have  proved  themselves,  in  their  results,  to  be  littl*5 
fitted  to  afford  the  information  for  which  the  analvses 
undertaken.    Nevertheless,  judging  from  the  whole  of  the  c\"*~ 
dence  of  this  kind  at  command,  it  may  perhaps  safely  be  air*" 
eluded  that,  excepting  the  one  constituent  phosphoric  acic^j 
the  greater  proportion  of  soils  which  are  termed  u  heavj/T 
fci  clayey"  or  "  loamy"  do  contain,  within  a  workable  depth,  ^ 
sufficiency  of  mineral  constituents  for  thousands,  or  hundreds,  c-^  * 
years,  as  above  supposed.    It  is,  however,  by  no  means  so  clea^-"» 
that  many  of  them  would  not  fall  short  rather  in  annual  liberatu^** 
in  available  form,  than  in  actual  percentage  amount  of  the  nece^-- 
sary  mineral  constituents.    Indeed,  there  is  evidence  enougr^1 
in  agricultural  experience  to  show  that,  although  the  ordinar*^ 
practice  of  rotation  leaves,  in  most  soils,  a  balance  of  availab^4 
mineral  constituents,  and  therefore  demands  a  supply  of  nitroger  * 
from  without,  yet,  with  this  supply  alone,  the  point  of  the  r^** 
quircmcnt  of  more  immediately  available  mineral  constituent* 
for  full  and  healthy  crops  is  in  its  turn  frequently  soon  arriver^j 
at.    In  fact,  it  is  the  "condition  "  both  as  regards  mineral  aim** 
nitrogenous  supplies,  rather  than  the  actually  existing  amount 
them  in  the  soil,  that  becomes  defective.    And  in  the  lighter  soi  1* 
more  especially  it  is,  that  the  condition  as  regards  the  mineral  co^3" 
stituents  of  our  crops,  or  the  floating  capital  so  to  speak,  both  hes^^f 
a  much  larger  proportion  to  the  available  stores  of  the  soil  itsei 
and  is  more  dependent  on  restoration  or  supply  from  without. 

In  Mr.  Smith's  u  heavy  land with  its  clayey  subsoil  inte**" 
mixed,  disintegrated,  aud  well  weathered  (and  perhaps  even 
his  "k  light  land,"  with  its  dressing  of  marl),  it  is  quite  cle^--r' 
from  the  continued  good  results,  that  the  annually  availabw'e 
mineral  supply,  or  the  mineral  condition,  is  not  at  present  un- 
paired ;  nor,  so  far  as  existing  knowledge  of  such  matters  can 
relied  upon  at  all,  need  Mr.  Smith  be  alarmed  lest  the  dorma-*1* 
stint's,  nt  Je.iat  of  his  heavy  so\\,  *\w\xUl  not  last  the  centa  "*"-v 
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hich,  he  says,  should  satisfy  living  man.  And  it  should  be 
orne  in  mind,  that  the  resources  of  the  soil  are  not  to  be  spoken 
f»  as  some  are  wont  to  do,  as  sufficient  for — say  fifty  or  a  hun- 
red  crops,  and  to  be  cleared  off  to  the  zero  point  at  pleasure,  in 
ialf  or  double  the  number,  accordingly  as  the  soil  is  supplied  with 
tther  elements  of  growth.  Whatever  the  actual  stores  of  the  soil, 
bey  are  only  little  by  little  available  ;  and  it  is  not  easy  to  sup- 
pose that  a  heavy  soil,  yielding,  under  proper  management, 
annually  enough  for  large  crops  over  a  continuous  series  of 
fears,  does  not  contain  a  correspondingly  enormous  store  in  the 
lonnant  state.  Whether,  however,  the  same  soil  would  annually 
vield  an  equal  supply  of  available  minerals  if  its  surface  were 
less  exposed  to  weathering  influences,  and  the  required  nitrogen 
for  full  crops  were  provided  by  manure,  is  quite  another 
question. 

But  now  let  us  turn,  as  briefly  as  possible,  to  a  consideration 
°'  the  nature  of  the  evidence  which  analysis  affords,  of  the 
unount  of  nitrogen  contained  in  soils,  and  then,  equally  briefly, 
*°  a  review  of  some  of  the  circumstances  which  seem  to  have 
their  share  in  the  production  of  the  large  annual  crops  of  wheat, 
wUhout  manure,  at  Lois  Weedon. 

As  is  well  known,  in  1843  Baron  Liebig  laid  more  stress  than 
wnaerly  on  the  sufficiency  of  the  assimilable  supplies  of  nitrogen 
"J  the  atmosphere ;  and  a  few  years  later,  after  having  before 
the  analyses  of  a  number  of  soils  made  in  his  laboratory  by 
j^.  Krocker,  he  superadded  to  the  argument  of  the  inexhausti- 
bility of  the  supplies  of  the  atmosphere,  that  of  the  large  amount 
°f  nitrogen  contained  in  soils  themselves,  to  show  that  little  or 
effect  could  be  attributed  to  the  small  proportion  which  is 
j      in  an  ordinary  dressing  of  manure ;  and  to  this  he  now 
^dij  still  more  emphatically,  in  reference  to  fallow,  that  the  accu- 
^tdfttion  of  ammonia  in  the  soil  in  one  year  has  no  influence  on 
crop  in  the  succeeding  year.    With  regard  to  the  amount  of 
^trogen  in  the  soil,  we,  in  1847,  alluded  to  this  point,  and  gave 
J*1*  percentage  obtained  by  analysis  of  the  surface-soil  of  the 
jpW  upon  which  our  experiments  on  wheat  were  being  con- 
victed.   The  necessary  distinction  to  be  drawn  between  the  im- 
Qlediately  available  and  the  actually  existing  contents  of  the  soil, 
11  *bove  referred  to,  was,  however,  too  obvious  to  allow  a  mo- 
scepticism  as  to  the  influence  of  the  small  proportions  of 
*v*ilable  nitrogen  which,  in  our  experiments,  we  superadded  in 
Jlai|Hre.    On  this  point,  however,  as  it  is  very  important  to  the 
j**&ter  that  he  should  be  satisfied  respecting  it,  we  cannot  do 
**tter  than  quote  the  replies  to  this  argument  of  Baron  Liebig 
M.Boussingault,  and  by  M.  Kuhlmann  ;  to  the  latter  of  whom 
Liebig  dedicates  the  fuller  version  o£  Vx\a  Vcv^o% 
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xxxvii.  of  tho  Journal  of  the  R.  A.  S.9  which  is  published  as  an 
independent  work  in  Germany. 

M.  lioussingault  savs, — 

"  Latterly,  M.  has  sought  to  establish  that  the  mineral  matter?,  t  I  J1' 

alkalim*  salt*,  arc  tin.-  only  efficacious  agents  of  manures,  «U]»iH»rTmg  tl  *  1S 
a-»Hi-rti"ii  h\  aii.ilv.M's  which  indicate  in  arable  land,  even  when  iminaniiiv'L  * 
considerable  proportion  of  ammonia ;  from  which  it  has  Wen  concluded  that, 
the       always  contains  a  more  than  sufficient  amount  of  nitroijenizud  matter" ^» 
there  is  n<>  necessity  to  .supply  them  to  it.*" 

And  further, — 

**Tl.:s  ali.uli  was  di-n  rmim-d  by  calcining  the  soil  with  a  mixture  of  s»«   -  :l 
ainl  liiiM*.    We  know  that,  by  this  method,  tin*  nitrogen!  zed  ^libstaiiccs  a 
tran<!' •riin  •!  mto  ammonia  :  but  the  process  does  not  enable  us  to  d*.-c> 
whether  !his  ammonia  v. as  entirely  formed  in  the  matter  examined.    InlVt,  _  :l 

soil  1 1 i s  i . t  lun.ish  l  y  a.-.alysis  a  very  larp*  projiortioii  of  the  volatile  alka  J-  '» 

ie:d  yet  we  liiL'ht  ii"t  In-  justified  in  atlirminu;  that  it  contain*,  1  will  ii<-t  *•  \ 
thi>  alkali  ;dp-ad\  formed,  but  even  putrescilde  nitro^enized  sulstanee>.  tii  *  ~*\ 
is  to  say  t  ho-,  -  \\hieh  are.  efficacious  in  vegetation.    Thin  we  mfcht  «*xtr.»  - 
from  a  ><»il  al'i'initlinj  in  jmaty  debris,  from  a  bituminous  schist,  large  «p:ai:T" 
ties  of  ammonia,  w  ithout ,  on  that  account,  being  sun1  of  obtaining  advanta#vt- 
crops  from  such  s.-il*.  ^ 

"  However,  it  is  according  to  the  determinations  of  nitrogen,  that  M.  Li«:b  -  : 
static  that  a  heet are  of  arable  laud,  taken  to  a  depth  of  'Jf>  centimetres,  Ce^--  J", 
tains,  i."t  the  elements  of  ammonia,  but  2000  to  10,000  kilogramme  "*  ~~\ 
ammonia  i'self;  a  rtsult  presented  as  an  objection  against  the  necessity  ef  tL.--^** 
emjilovnuiit  i.f  nitnucni/ed  manures.    M.  Kulhmann  ha*  remarked,  wit  '} 
reason,  tiiat  there  i<  an  answer  to  this  objection  in  the  facts  themselves,  and  1 
is,  that  a  h«  (  tare  i.f  land  may  contain  enough  of  nitrogen  held  in  stable  con...  J^ 
binati«.i:s  to  represent  as  much  as  10,0<>o  kilogrammes  of  ammonia,  ai  ^'\^ 
neverthdiss  :'\e  meagre  crops,  whilst,  if  dressed  with  2.*>0  kilogramme^ 
ainiiM-iiia  in  the  form  of  manure,  it  will  yield,  after  cultivation,  a  satiMactvr"*^^ 
produce.'*  f 


*  4<  Dans  ces  dcrnh  rs  temps,  M.  Liehig  a  cluTchc"  a  e'tahlir  que  les  illation.  — 
minerah-s.  h  s  ^ls  alcalius  sunt  les  seals  agents  efficacy  lies  cngrais,  en  appujai  -^^^ 
cette  assertion  sur  des  anahses  qui  indiqucraient  daus  la  terre  arable,  alors  mem^^jtt 
qifelue  if  est  pas  funiee,  une  forte  proportion  d'aminoniaque ;  d'ou  Ton  a  eond^  x\ 
que  le  sol  couteiiaut  toajours  une  dose  plus  que  suthsantc  de  materiaux  a/ote's,  & 
ify  a  pas  lieu  de  lui  en  fournir." — />«»/*  wii>  llnr*\le%  tome  ii.  p.  77.  ^ 

t 44  t  )u  a  dose  eet  aleali  en  ealeinant  la  terre  avee  un  melange  de  sonde  et  de  chani^^^^ 
On  sait  que,  par  eette  liiethode,  les  substances  azotees  sont  trans  torn  lees  en  anion  ^ 
niaque;  inais  le  pioee'de  i«e  pennet  pas  de  decider  si  cette  ammoiiiaque  etait  tout-^^  ;f 
fonnee  dans  la  inatii  re  examinee.  Kn  efl'et,  une  terre  pourrait  tbumir  a  ransly*^^^ 
une  tre.s- forte  proportion  d'alcali  volatil,  sans  que  pour  eela  on  fiitcn  droit  d'afirmen-^^. 
qu'elle  eoiitieiit,  je  ne  \eu\  pas  dire  eet  aleali  tout  const  it  tie,  mais  meiue  dessub*^-^" 
stance-*  a/ote\  s  putre>ei:d«*>,  e'est-'a-dire,  etfieaees  dans  la  ve^etatioo.  Ainsi.  <>  ^  rf 
extrairait  •fun  sol  abundant  eu  debris  tourbeux,  tl'un  sehiste  hitutuineux,  de  fbm^*^  ^ 
quantite's  U'anunoniaque.  sans  tpie,  pour  eela,  on  soit  assure  deretirerde  semblabhS— *^ 
terrains  des  u  eoltes  avanta Reuses.  ^  -iW 

•*  ( Ypcndaut.  e'est  d'apres  iles  dosages  d 'azote,  que  M.  Liebig  trouve  qu'un  hec-^*"  rf 
tare  de  terre  arable,  sur  une  profoudeur  de  eeuti metres,  coutient,  nou  pas  luS^l^-rt 
elenieiis  de  t'uiiiiuoiiiaque.  mais  ^00!>  U  kilog.  d'amniouiaque  en  natur  ^ 

resultat  prewnie  «'(nmiie  une  tdijeetion  con t re  la  neeessite"  de  rinterveiition  d^"  * 
cntii-ni*  a/«»f»'s.    M.  KulhuKiun  a  fait  wmanpier,  avee  raison,  qu'il  yak  cot 
<>l>ifctn)ti  uw  reponse  dans  les  fait*  mtaws  vt  ^^t*vuun  hectare  de  terre  pe'  ^* 
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I.  Kuhlmann  himself  says, — 

Neither  must  the  nitrogen  he  held  in  too  stable  combinations,  as  it  exists 
al,  the  direct  employment  of  which  does  not  conduce  to  the  fertilisation  of 
toil,  hut  which  hy  distillation  yields  a  very  fertilising  ammoniacal  liquid, 
tot  the  same  reflections  apply  to  an  objection  raised  against  the  necessity  of 
mpioyment  of  nitrogenized  manures ;  namely,  that  a  hectare  of  land  to  the 
b  of  20  to  25  centimetres  contains  ammonia  in  quantities  infinitely  greater 
those  hy  means  of  which  we  seek  to  provide  it  with  the  elements  of 
lity?  In  my  opinion,  it  is  not  sufficient  that  distillation  should  enable  us 
parate  ammonia  from  the  soil ;  it  is  necessary  that  this  ammonia  should  be 
wble  to  the  plant  without  the  aid  of  fire  or  of  other  energetic  agents, 
rbere  is  moreover  a  reply  to  the  objections  stated  above  in  the  facts 
selves ;  a  hectare  of  land  may  contain  enough  of  nitrogen  held  in  stable 
nnations  to  produce  5000  or  even  10,000  kilogrammes  of  ammonia,  and 
give  poor  crops.  If  we  apply  to  the  same  land  250  kilogrammes  of 
onia,  in  the  form  either  of  ordinary  manure  or  of  pure  ammoniacal  salt, 
atility  will  be  doubled. 

Agriculture  is,  above  all,  a  science  of  facts ;  it  is  in  experience  that  it  must 
the  basis  of  its  theoretical  laws."  * 

hese,  then,  are  the  opinions  of  chemists  as  well  known  by 
•  investigations  in  the  field  as  by  their  researches  in  the 
ratory. 

aving  now  to  record  some  recent  determinations  of  nitrogen 
lils  made  at  Rothamsted,  it  may  be  well  first  to  dwell  for  a 
lent  on  some  of  the  previously  published  data  of  this  kind 
:h  have  been  quoted  by  Baron  Liebig.  With  regard  to  the 
rmination  of  nitrogen  in  soils,  made  by  Dr.  K rocker  in 
!,  in  the  Giessen  laboratory,  it  appears,  by  reference  to  the 
nal  paper  (Annalen  der  Chemie  und  Pharmacie,  Band  58, 
$81-8),  that  he  only  made  a  single  determination  on  each  of 


lir  assez  d'azote  engage*  dans  des  combiiiaUons  stables,  poor  representer 
a  10,000  kilog.  d'ammoniaque,  et  donner  neanmoins  des  recoltes  chdtives, 
i  que,  fame  avec  250  kilog.  d'ammouiaque  a  l'e*tat  d'engrais,  il  rendra,  par  la 
vv  desproduits  satisfaisants." — Ibid.  p.  78. 

II  ue  nut  pas  non  plus  que  1* azote  &oit  engage*  dans  des  combinaisons  trop 
i,  ooinme  cela  existe  pourlahouille,  dontl'emploi  direct  ne  donne  pas  lieu  a  la 
sation  du  sol,  mais  dont  la  distillation  deplace  un  liquide  ammoniacal  trfcs- 
lant  Les  memes  reflexions  ne  s'appliquent-elles  pas  a  une  objection  produite 
;  la  necessity  de  l'emploi  des  engrais  azotes ;  a  savoir  qu'un  hectare  de  terre 
q  55  centimetres  de  profoudeur  con  tie  nt  des  quantity's  d'ammoniaque  iufini- 
mplrieures  a  celles  au  moyen  desquelles  on  cherche  a  lui  donner  des  616- 
de  fertility?  Dans  ma  pensee,  il  ne  suffit  pas  que  la  distillation  permette  de 
er  de  i'ammoniaque  de  la  terre,  il  faut  que  sans  le  secoars  du  feu  ou  d'agents 
que*  cette  ammoniaque  puisse  6tre  offerte  a,  la  plante. 
j  a  d'aUleurs  a  l'objecUon  presentee  ci-dessus  une  reponse  dans  les  faits 
,  Un  hectare  de  terre  peut  contenir  assez  d'azote  engage*  dans  des  combi- 
s  stables  pour  produire  5000  et  meme  10,000  kilogrammes  d'ammoniaque 
ner  cependant  des  recoltes  che'tWes.  Si  Ton  fume  cette  terre  ayec  250  kilo- 
net  d'ammoniaque  a  l'e*tat  d'engrais  ordinaire  ou  de  sel  ammoniacal  pur,  la 
te*  sera  doublee. 

'agriculture  est,  avant  tout,  une  science  de  faits,  e'est  dans  l'expdrience 
t  doit  chercher  la  base  de  ses  lois  theoriques/* — Annates  de  CKvmie  et  <U 
ne,  vol.  xx.,  1£47,  p.  271. 
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the  soils.  We  are  therefore  (though  without  calling  them 
question)  unable  to  form  any  such  judgment  from  the  resu 
themselves  of  the  probable  limit  of  error  arising  from  ma 
pulation  and  other  causes,  as  duplicate  analyses  would  hi 
enabled  us  to  do.  And  when  it  is  borne  in  mind,  that  m 
of  the  published  analyses  show  an  amount  of  nitrogen  in  sc 
only  amounting  to  from  one-tenth  to  one-quarter  of  1  per  cei 
it  will  easily  be  seen  that  slight  errors  of  analysis,  such 
in  most  subjects  of  investigation  would  be  quite  immateri 
are  here  of  the  utmost  consequence — if,  at  least,  we  shoi 
wish  to  discuss,  by  the  aid  of  such  analyses,  such  diffcren 
between  soil  and  soil,  or  between  the  same  soil  in  the  conditii 
in  which  it  would  yield  respectively  a  given  amount  of  ci 
below  a  usual  average,  or  a  full  one,  equal  to  twice  as  much 
the  former.  In  illustration  of  this,  we  need  only  say  that  100  1 
of  ammonia,  added  to  an  acre  of  soil  weighing  4,000,000  1 
(and  which  every  intelligent  farmer  knows  would,  on  most  sc 
increase  his  crop  enormously),  would,  if  well  mixed  with 
bulk  of  soil,  only  raise  its  ammonia  by  0*0025  j>er  cent. — oi 
part  in  40,000.  This  fact  should  not  be  lost  sight  of  in 
consideration  of  the  figures  which  will  shortly  follow. 

Next  to  the  determinations  of  nitrogen  in  soils  by  Dr.  KrocI 
as  referred  to  above,  the  most  extensive  series  quoted  by  Ba 
Liebig  is  that  made  at  the  instance  of  the  Royal  College  of  Ri 
Kconomy  in  Berlin.  Baron  Liebig  introduces  these  result! 
follows  (and  the  italics  in  the  second  paragraph  are  his  own): 

41  The  fact  of  the  presence  of  this  enormous  amount  of  nitrogen  in  the 
has  been  enn  firmed  by  the  researches  made  at  the  instance  of  the  Royal  Col 
of  Rural  Kconomy  in  Berlin  ({  Annalen  der  Landwirthschaft,'  vol.  xiv.,  p 
The  Ciilli-uo  of  Rural  Kconomy  caused  land  of  apparently  uniform  qualit 
Ikj  selected  in  fourbt'n  different  localities  in  Prussia  fur  these  experimc 
At  ten  or  twelve  different  points  of  each  of  these  fields  an  equal  quantit 
earth  was  taken  by  the  spade  from  the  entire  depth  of  the  arable  soil ;  t 
]H>rtions,  in  each  case,  were  thoroughly  mixed,  and  from  the  mass  sam 
were  taken. 

"In  each  sample  the  amount  of  nitrogen  was  determined  by  three  difft 
ch  mints  separately,  and  from  their  results  have  been  calculated  for  one  aa 
land,  to  the  depth  of  1  foot  (the  specific  gravity  of  the  soil  being  taken  at  1 
the  following  quantities  of  nitrogen,  expressed  however  in  pounds  oiamm 
(17  lbs.  of  ammonia  contain  14  lbs.  of  nitrogen)." — Jour*  hoy.  Ag.  Soc.  1 
vol.  xvii.,  part  1,  p.  'J«5. 

As  these  determinations  are  introduced  to  the  reader  bi 
high  an  authority  in  the  matter  of  chemical  analysis,  as  be 
made  "  bji  three  different  chemists  separately"  and  as  Baron  Lie 
arranges  the  soils  in  the  order  of  their  richness  in  nitrop 
according;  to  the  mean  of  the  three  experiments  for  each  soil 
may  he  interesting  to  examine  what  was  the  sort  of  agreem 
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l^t-ween  the  results  of  the  three  experimenters  on  each  of  the 
fourteen  soils.    Accordingly  there  is  given  Table  III.,  p.  22: — 
Jn  tfte  upper  portion,  the  percentages  of  nitrogen  in  each  soil, 
found  by  each  of  the  three  chemists,  and  calculated  upon  the 
•oil  dried  at  100°  C.  (210°  F.),  are  given.  And— 

Jn  the  lower  portion  of  the  Table,  the  calculated  lbs.  of  am- 
monia per  acre  of  4,000,000  lbs.*  of  dry  soil,  according  to  the 
terminations  of  each  separate  experimenter,  and  also  according 
to  the  mean  of  the  three,  are  given.  And  in  the  last  column  are 
JJ*  ven,  the  lbs.  per  acre  of  ammonia  for  each  soil  as  calculated  by 
B«uon  Liebig. 

So  discrepant  are  the  determinations  of  the  three  separate 
jperimenters  on  the  same  soil  in  almost  every  case,  that  the  results 
n*  ust  be  considered  quite  inapplicable  as  a  means  of  arranging 
tt«.«  toils  according  to  their  probable  relative  amounts  of  nitrogen. 
So  pest,  indeed,  is  the  discrepancy,  that  we  find  frequently  once 
**Mlahalf  or  twice  as  much,  and  in  several  instances  even  ten  times 
**  much,  recorded  by  one  chemist  as  by  another,  for  one  and  the 
soil.    In  fact,  in  applying  each  of  the  separate  analyses 
™»tead  of  the  mean  of  the  three,  to  estimate  the  amount  of  nitrogen 
or  ammonia  per  acre,  we  find  that  one  or  two  of  the  soils  could 
Jj*  put  both  at  the  top  and  nearly  at  the  bottom  of  Baron  Liebig's 
ll*t,  accordingly  as  we  select  the  determination  of  one  or  another 
the  experimenters ;  whilst  in  the  same  way,  several  others 
J?*ght  be  separated  from  one  another  by  half  the  items  in  the 
****  It  may  even  be  a  question,  how  far  a  judgment  can  be 
'°*Hied  from  such  results,  of  the  probable  average  or  range  of 
^ount  of  nitrogen  in  the  soils. 

It  is,  however,  only  due  to  Professor  Magnus,  the  able  and 
2**Ucientious  reporter  to  the  Royal  College  of  Rural  Economy  in 
"^frlin,  of  the  analyses  in  which  #these  nitrogen  determinations 
but  items,  to  say  that  he  called  particular  attention  to  the 
agreement  between  the  results  of  the  different  experi- 
JU^Hters.  In  fact,  his  chief  conclusion  was,  that  as  twenty-one 
°*  the  best  chemists  in  Germany,  or  of  those  working  under  the 
^perintendence  of  the  most  distinguished  chemists,  had  been 
^Mtfted,  and  as  there  could  therefore  be  no  want  of  technical 
^Owledge  devoted  to  the  subject,  it  was  obvious  that  in  the 
e**sting  state  of  science  little  was  to  be  expected  from  the  analysis 
^•oils. 

#|  The  estimate  of  4,000,000  lbs.  of  dry  soil  per  acre,  takeii  to  the  depth  of  one 
Jrjt,  is  higher  than  we  have  been  accustomed  to  take  it ;  but  we  adopt  it  here,  uot 
?3^becanse  it  is  a  convenient  round  number,  but  because  it  obviously  agrees  very 
^jMy  with  the  amount  supposed  by  Baron  Liebig.  with  whose  estimates  we  are 
^?**paring  oar  own  figures.  It  is  obvious  that  the  cubic  contents,  and  the  weight 
Qca£b&  soil  on  an  acre,  must  vary  extremely ;  so  that  any  figure  adu^te&  vol 
of  this  kind  must  be  to  a  great  extent  arbitrary. 
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Taki.k  I II.  -  ^hnwiim  the  Percentage  of  Nitrogen,  and  the  supposed  Ammonia 
]•'•]•  Am-  c:il«Mil;it(.tl  therefrom,  iu  1-i  Soils,  each  Analysed  by  tha«  l'Leiiii>to 

:ir;iti-l\  . 


Nitrogen  per  Cent,  iu  the  Soils. 


1.  Iluvixhce  .. 

2.  ]\\iv»  Wrp-loheii 
.'l.  Tiirir.iitwlifii 

t.  Wollup      ..  .. 

.r>.  lUrMlau 

6.  Turwc  

7.  Dalheim    ..  .. 

8.  Laa.san 

9.  KMeiia  .. 

10.  Hun!  lioruheim 

1 1.  Nciieuhuiid 

12.  Frankfiifclde 
NiMilicf     ..  .. 

I  t.  Cartlow 


*y 

let 

KxiwriincntiT 


0-591 
0-  432 
0-240 
0-200 
()•  137 

0-  140 

1-  609 
0-112 
0-090 
0-120 
0-102 
0-147 
0-079 
0-130 
0*076 


By 
'2nd 


K.x perimiHi tor  Kxpc  rimen tcr 


0-081 

0-350 
0-298 
0*249 
0-130 
0-150 
0-113 

0*120 

0-114 
0*103 

0-154 
0-1Q6 


»y 

3rd 


0*400 
0*270 
0*280 
0-271 
0-108 
0173 

0138 

0*113 

0M13 
0"010 
0-093 
0-011 
0*005 


Motn. 


0-357 
0-351 
O-290 
0-256 
0-165 
0-148 
0-879 
0-121 

0-111 

0M10 
0-087 
0-086 
0-098 
0*062 


Nitro^rii  calculated  as  lbs.  of  Ammonia  per  Acre  of  4,000,000  lbs.  of  Dry  Soil- 


By 
1st 


By 

2nd 


By 

3rd 


Experimenter  Kxporimentcr  Lxpcriiuenter 


1.  Ilavixlu'c  .. 

2.  Iiiirjr  WVjiclclicn 

3.  Turi»ait>clicii 

4.  Wollup  ..  .. 
:>.  BccmIuu  ..  .. 
(5.  Tnme 

7.  Dallieim 

8.  haa.^an 

9.  Khlena 

10.  Hurp  Homheim 

11.  NeiK-UMind 

12.  Fraukeufclrie  .. 

13.  Neuhof 

14.  Cartlow 


28 , 704 
20,980 
11,660 
9,712 
6,652 
6,800 
78.151 
5,440 
(  4,371 
\  5,828 
4,954 
7,140 
3,837 
6,312 
3,691 


3,932 

17,000 
14,472 
12,092 
6,312 
7,284 
5,488 

|  5,828 

5,537 
5,002 

7,480 
5,148 


19,428 
13,112 
13,600 
13,160 
5,244 
8,400 

6,702 
5,488 

5,488 
485 

4,517 
534 
243 


lien. 


17,352 
17.048 
14,084 
12,448 
7,999 
7,172 
42,716 
5,877 

5,377 

5,328 
4,211 
4,120 
4,774 
3,026 


Into* 

byUrbl*- 

18,044> 
17,**' 
14,35^ 
13,1*0 

7,3*0 
6,970 
5,740 

5,»0 

5,3*0 
4.MO 
4.10O 
4,«0 
2,870 


Concurring  fv,ily  with  Professor  Magnus  on  this  point,  si*1 
believing  that  little  advance  will  be  made  without  previoU* 
special  investigation  and  adaptation  of  methods  of  analysis  t<* 
tins  particular  subject,  it  is  only  with  the  reservation  which  sud» 
a  conviction  implies,  that  we  would  now  record  or  applv  lb*' 
determinations  of  nitrogen  in  soils  recently  made  at  Rothanute** 
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rent  methods.  We  may  gay,  however,  that  every  pre- 
b  been  taken  to  secure  as  much  of  accuracy  as  those 
re  capable  of.  Nor  are  we  wanting  in  evidence  in  the 
mselves,  that  within  certain  limits,  and  for  the  discus- 
»me  points  of  comparately  broad  distinction,  they  are 
r  conclusive. 

following  Table  (IV.)  are  given  the  results  of  deter- 
of  nitrogen — in  the  soil  and  subsoil  of  the  plot  devoted 
sted  to  the  experiments  on  the  Lois  Weedon  system — 
I  of  the  continously  unmanured  plot,  of  the  continu- 
eral-manured  plot,  of  the  continuously  ammonia- 
)lot,  and  of  the  continuously  mineral  and  ammonia-9" 
•lot,  in  the  adjoining  experimental  wheat-field.  There 
iven,  the  determinations  of  nitrogen  in  specimens  of 
ubsoil,  &c,  from  the  Rev.  Mr.  Smith's  experimental 
ois  Weedon.    And,  for  the  sake  of  comparison  with 

in  Table  III.  last  discussed,  there  is  given  in  the  lower 
the  Table  (IV.),  the  amounts  of  nitrogen  (in  lbs.)  that 
contained  in  4,000,000  lbs.  (=  an  acre  about  a  foot 
le  specimens  analysed — both  according  to  the  individual 
nd  to  the  mean  result  for  each  specimen.  In  the  last 
3  mean  acreage  amount  of  nitrogen  is  represented  in  its 
amount  of  ammonia.  It  is  obvious,  however,  that  no 
is  represented  by  thus  applying  the  analyses  of  soils 
Is  indiscriminately,  to  a  supposed  equal  acreage  weight 
each  case.  The  figures  are  only  useful  as  conveying 
eral  comparative  idea,  of  about  how  much  ammonia, 
relent  of  nitrogen,  would  exist  in  a  layer  of  one  acre 
bout  a  foot  thick,  of  soils  or  subsoils  containing  a  given 

amount. 

be  remarked,  too,  that  whilst  the  specimens  of  sur- 
at  Rothamsted  were  each  taken  at  e^lit  different 
L  as  nearly  as  possible  to  a  depth  of  nine  inches  and 
a  foot  square,  the  whole  being  then  well  mixed  and 
I,  those  at  Lois  Weedon  were  each  taken  at  one  spot 
od  spit  of  depth  being  the  only  condition  attended  to. 
t  both  places  were  collected  during  the  present  year 
iose  at  Lois  Weedon  in  August,  and  most  of  those  at 
J  in  September. 

ses  the  soils  were  broken  up  and  turned  over  and  the 
m  picked  out;  they  were  then  further  reduced  and 
from  smaller  stones.  Finally,  they  were  rubbed  to 
er  and  passed  through  a  fine  sieve,  in  which  state 
submitted  to  analysis.  In  these  processes  of  prepara- 
ils  were  never  submitted  to  a  temperature  above  60°  to 
1  when  so  prepared  they  generally  Tet&a&edAera,  at  YvV&fc 
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Table  IV. — Showing  the  amounts  of  Nitrogen  (exclusive  of  Nitric  Acid)  in  Roth  s*rr 
ami  Lois  Weedon  Soils  and  Subsoils. 


Nitrogen  per  Cent  in  the  Soils,  calculated  as  Dry. 


Rothamsted 
Rotha  instill 


|  Lois  -  Weedon  -  Plot  \ 
J  Surface  Soil 


Lois  -  Weedon  -  Plot  \ 
{  Subsoil  J 

frnmanured 
Mineral  Manure 
 0       Aininoniaeal  Salts 

Kxperi-  J  Minerals  and  Am-' 
mental  Field  I  inoniaeal  Salts 


,ni-j 


Lois  Weedon  ( 


Experi- 

Experi- 

Experi- 

Experi- 

1 Mean. 

i 

ment 

11)  cut 

ment 

ment 

l_ 

1. 

2. 

3. 

4. 

0*1416 

0-1418 

0*1417 

0-0730 

0-0763 

'  0-0746 

0*1560 

0- 1450 

0-1560 

0*1528  ' 

0-1430 

0-1529 

0- 1420 

0-1459  I 

0*1530 

0-1694 

0-1620 

0-1505 

0-1587  I1 

0*1520 

0-1593 

0-1545 

0*1567 

0-1556  ; 

'Heavy  Land  Stubble 
Hea\y  Land  Fallow 
Light  Land  Fallow 
Heavy  Land  Subsoil 
Light  Land  Subsoil 

Marl  Pit   1 

Light  Land  Field  ..  f 
K)  e  -  grass  Subsoil, )  j 
with  Liquid  Manure >' 
Heavy  Land  Field  (j1 


0-1640 

0-1590 

o- 

1670 

0*1666 

0-1641  ! 

0-2020 

0-1940 

0 

2000 

0*2090 

i  0*2012 

0-1630 

0-1520 

o- 

1510 

0*1540 

.  0*1550 

0-0661 

0-0670 

0 

0667 

0*0610 

0*0652  , 

0*0840 

0-0770 

0-0760 

0*0760 

0-0782 

0-0920 

0-0890 

0*0905 

0*0790 

0*0790 

0*0790 

Nitrogen  per  Acre  about  1  foot  deep— taken  at  4,000,000  lbs.  Dry  Soil. 


Rothamsted 

Rothamsted 
Surface  Soils, 


adjoining   

Kxperi-  j  Minerals 
mental  Field  I  nioniaca 


(Lois  -  Weedon  -  Plot! 
J  Surface  Soil  ..  .. /, 
j  Lois  -  Weedon  -  Plot 

'  Subsoil  

I'nmanured  ..  .. 
Mineral  Manure  .. 
Aininoniaeal  Salts  .. 

and  Am 
inoniaeal  Salts 


}i 


T 


Ix)is  Weedon 


( Heavy  Land  Stubble 
Heavj  Land  Fallow  j 
Light  Land  Fallow  i 
Heavy  Land  Subsoil 
Light  Land  Subsoil  ;! 

Marl  Pit   )  ! 

Light  Land  Field  ..  f 

j  Rye -  crass    Subsoil.  |  ! 

J  with  Liquid  Manure) 

i  Heavy  Land  Field    |  i 


6,560 
8,080 
6,520 
2,644 
3,360 

3,680 


Experl- 

Experi- 

Experi- 

Experi- 

. meat 

ment 

ment 

ment 

j  Mean. 

1. 

2. 

3. 

4. 

|  lbs. 

11*. 

lbs. 

lb*. 

!  lbs. 

'  5,664 

5,672 

;  5,668 

|  2,920 

3,052 

;  2»9S4 

■  6,240 

5,800 

6,240 

|  6,092 

»  5,720 

6,116 

5,680 

1  5,836 

|  6,120 

6,776 

6,480 

6,020 

!  6,348 

6,080 

6,372 

6,180 

6,268 

6,224 

6,360 
7,760 
6,080 
2,680 
3,080 

3,560 
3,160      3,160  I 


6,680 
8,000 
6,040 
2,668 
3,040 


6,664 
8,360 
6,160 
2,440 
3,040 


6,564 
8,049 
6,200 
2,608 
3,128 

3,620 
3,160 


1  6 

H 

J  i 
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i  5  per  cent,  of  water  separable  by  further  drying  at 
ir  convenience  and  uniformity,  the  determinations  in 
are  all  given  as  calculated  upon  the  soil  so  dried  at 
ugh  separate  portions  were  always  employed  for  the 
turn  of  the  moisture  in  this  way,  and  those  of  the 
rere  always  made  upon  the  partially  and  only  air-dried 

rogen  determinations  were  made  by  burning  with  soda- 
Kiting  the  ammonia  in  hydrochloric  arid,  and  estimat- 
tinum  salt  in  the  usual  way.  It  is  obvious  that  this 
>es  not  give  that  portion  of  nitrogen  which  may  exist 
acid.  But  from  the  interesting  results  of  Professor 
the  power  of  soils  to  absorb  ammonia  and  nitric 
ctively,  and  on  the  general  relation  of  these  two  sub- 
drainage-water,  it  may  perhaps  safely  be  concluded 
wt  ordinary  soils,  but  a  very  small  proportion  of  their 
f  nitrogen  will  be  retained  as  nitric  acid, 
o,  three,  or  more  determinations  upon  each  soil,  were 
e  or  two  cases  made  by  the  same  analyst ;  two  persons 
ployed  upon  the  series,  each,  as  a  rule,  making  two 
ions  upon  the  same  specimen.  In  this  way  it  was 
iminate  any  prevailing  tendency  to  high  or  to  low  results 
^ht  attach  to  the  work  of  either  operator.  It  is 
it  would  be  the  opinion  of  most  chemists,  that  the 
ies  in  the  percentage  amounts  of  nitrogen  which  the 
ibits,  are  neither  greater  nor  more  numerous  than  were 
cteil  in  the  manipulation  of  the  process  employed,  by 
tors  on  such  a  series.  When,  however,  it  is  remem- 
:,  as  already  pointed  out,  the  large  dressing  of  a  hun- 
Js  of  nitrogen  per  acre,  distributed  through  the  soil  to 
of  1  foot,  would  only  raise  its  percentage  of  nitrogen 
,  equal  Tvivith  of  its  weight,  it  would  at  once  be 
the  separate  determinations  on  the  same  soil  frequently, 
dly,  differ  much  more  from  each  other,  than  would  the 
before  and  after  such  a  potent  manuring.  It  is  clear 
this  simple  illustration,  that  such  methods  of  estimat- 
trogen  in  soils  are  quite  inapplicable  to  determine  the 
in  this  respect  between  a  soil  yielding  16  bushels  of 
lout  manure,  or  twice,  or  twice  and  a  half  the  amount, 
That  is  to  say,  such  methods  are  quite  incompetent 
to  treat  the  question  of  the  mere  temporary  "  condi- 
>ils. 

ng  then  all  due  caution,  on  the  score  both  of  the  diffi- 
irly  and  uniformly  sampling  soils  for  analysis,  and  of 
rurately  determining  the  nitrogen  by  current 
irhat  are  some  of  the  more  general  ln&caAMm*  <A  tafe 
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Table.  For  this  purpose  we  take  of  course  the  mean  result! 
instead  of  the  separate  determinations ;  which  latter,  however, 
although  disagreeing  with  each  other  sufficiently  to  show  that 
the  (inures  could  not  be  relied  upon  to  treat  of  the  nice  question 
of  the  effect  of  a  single  even  heavy  dressing  of  manure,  hare 
still  so  much  of  agreement,  as  to  give  some  confidence  at  least  in 
the  direction,  and  in  any  marked  distinctions,  which  the  mean 
results  would  indicate  as  between  soil  and  soil. 

It  is  seen  that  the  subsoils  contain  from  one-half  to  one-third 
only  as  much  nitrogen  as  the  surface  soils.    From  this  it  i* 
obvious  that  an  inch  or  two  of  variation  in  depth,  in  sampling  & 
surface  soil,  might  make  a  comparatively  important  difference  i** 
the  percentage  of  nitrogen  obtained.    The  effect  of  the  admi^-" 
turc  of  more  or  less  of  subsoil,  in  a  sample  of  professedly  sinf*-* 
face  soil,  is  seen  in  the  difference  between  the  mean  percentage 
in  the  Rothamsted  soil  which  had  been  cultivated  on  the  Lot* 
Weedon  plan,  and  that  of  a  similar  description  in  the  adjoinin  ^ 
field,  which  had  grown  wheat  for  several  successive  years,  bi^ 
without  its  subsoil  being  disturbed.    Thus  the  trenched  plot 
Rothamsted  gives  a  mean  percentage  of  only  0*1417  of  nitroger* 
whilst  the  plot  in  the  adjoining  field,  notwithstanding  it  ba»- 
irrown  wheat  for  many  years  successively  without  manure,  giver" 
()m\~>m2$  per  cent. 

Rcforc  proceeding  to  compare  with  one  another  the  Rothanr» 
sted  and  the  Lois  Weedon  soils,  we  may  here,  in  passing,  ca^ 
attention  to  the  fact  that,  slight  as  they  are,  and  whether  acc?^ 
dental  or  not,  the  differences  which  the  mean  results  woul« 
show  between  the  plots  devoted  to  the  continuous  growth  & 
wheat  at  Rothamsted,  under  different  conditions  of  manuring 
arc  really,  at  least  in  direction,  such  as  those  manuring  conci  * 
lions  would  lead  us  to  expect.  Without  laying  too  much  stre*^ 
on  the  actual  figures,  it  is  seen,  then,  that  whilst  the  continuous^, 
unmanured  plot  gives  0*1523  per  cent,  of  nitrogen,  that  which 
received  for  a  series  of  years  mineral  manure  only  (which  won^' 
tend  to  the  extraction  of  more  nitrogen  from  the  soil  than  whe»^" 
no  manure  was  employed)  gives  0*1459  per  cent.,  or  rather  Ur^ 
than  the  former.  The  plot  which  has  received  annually  amn***3 
niacal  salts  (as  the  results  showed  somewhat  in  excess  of  t*^3 
available  minerals-,  indicates  0*1587  per  cent,  of  nitrogen; 
rather  more  than  either  the  continuously  unmanurod  or  the  co**1 
tiuuoubly  mineral-manured  plot.  And  again,  quite  conforinah^T 
with  the  above,  the  plot  which  has  received  continuously  bo*- 
mineral  manure  and  an  excess  of  anunoniacal  salts,  show* 
slightly  lower  percentage.  (0'1556)  than  where  the  ammonia^"* 
s.iJls  were  employed  without  minerals ;  though  with  this  excess*  ° 
r.innnmliiC'A  salts,  a  slig\it\y  otwi  tliaa,  the  unmanured  pi*** 
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Thus  in  both  instances  where  a  liberal  supply  of  minerals  has 
been  used,  the  effect  of  which  would  be  to  use  up,  so  to  speak, 
more  of  the  available  nitrogen  within  the  soil,  the  mean  per- 
centage of  nitrogen  indicated  was  rather  lower  than  in  the  cases 
comparable  with  them  on  this  point.  It  is  freely  granted,  that 
some  of  the  individual  determinations  are  not  quite  consistent 
with  the  conditions  here  supposed ;  yet,  with  three  or  four  expe- 
riments in  each  case,  agreeing  as  most  of  them  do  pretty  nearly, 
it  is  really  of  interest  to  observe,  that  the  mean  results  appear  to 
bear  some  relation  to  the  known  history  of  the  plots. 

Turning  now  to  the  Lois  Weedon  soils,  it  is  seen  that  both  speci- 
mens taken  from  the  heavy-land  field  show  a  higher  percentage  of 
nitrogen  than  any  of  the  Rothamsted  plots,  and  particularly  higher 
than  the  specially  comparable  instance  at  Rothamsted  ;  namely, 
that  where  the  land  had  been  trenched  and  some  of  the  subsoil 
intermixed  with  the  surface  soil.  The  Lois  Weedon  light  land 
even,  gives  a  slightly,  but  very  slightly,  higher  percentage  of 
nitrogen  than  the  surface-soil  of  the  continuously  unmanured 

Elot  at  Rothamsted.  The  difference,  however,  in  favour  of  the 
ois  Weedon  light  land,  notwithstanding  it  had  been  intermixed 
with  subsoil  and  with  marl,  each  containing  only  about  half  as 
much  nitrogen,  is  more  marked  when  it  is  compared  with  the 
trenched,  that  is,  the  Lois-Weedon-subsoiled  plot  at  Rothamsted. 
To  go  to  figures,  we  find  that  whilst  the  mean  of  four  analyses 
gives  for  the  Lois  Weedon  heavy-land  stubble  0*1646  per  cent,  of 
nitrogen,  the  mean,  also  of  four  analyses,  gives  for  the  heavy- 
land  fallow  0*2012  per  cent.  We  cannot  at  all  suppose  that  the 
whole  of  this  large  difference,  amounting,  as  it  would  do,  to  from 
1000  lbs.  to  1500  lbs.  per  acre,  if  reckoned  at  about  1  foot  deep, 
is  due  solely  to  the  joint  influence  of  the  exhaustion  of  the  just 
removed  crop  in  the  one  case,  and  to  the  accumulation  by  the 
tilled  bare  fallow  in  the  other ;  though  it  is  obvious,  that  the 
effect  of  the  accumulation  by  fallow  would  not  extend  uniformly 
to  the  depth  of  1  foot ;  and  consequently  the  assumption  of  a  gain 
of  1000  lbs.  or  1500  lbs.  of  nitrogen  per  acre  is  very  much 
bigher  than  the  figures  really  imply,  even  supposing  the  samples 
were  really  taken  to  exactly  corresponding  depths  in  the  two  cases. 
The  more  probable  supposition  is,  however,  that  the  sample 
taken  from  the  stubble  did  in  fact  represent  a  somewhat  greater 
depth  of  the  staple,  or  more  of  intermixed  subsoil,  than  that 
taken  from  the  fallow  interval. 

Turning  for  a  moment  to  the  subsoils  and  marl,  the  Rotham- 
sted unexposed  subsoil  indicates  a  rather  higher  percentage  of 
nitrogen  than  the  Lois  Weedon  heavy-land  subsoil — the  former 
giving  0  0746  and  the  latter  0*0652  per  cent.  It  is  seen,  on  the 
other  hand,  that  the  subsoil  and  marl  of  the  Lo'va  NN  ec&viw 
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land  field,  with  which  the  surface-soil  is  intermixed,  both  give  * 
higher  percentage  than  either  the  Rothamsted  or  the  Lois  Weedon 
heavy-land  suhsoil — that  of  the  light-land  subsoil  being  0  0782, 
and  that  of  the  marl  0*0905  per  cent.  Lastly  on  this  point, 
whilst  the  subsoil  of  the  Lois  Weedon  heavy-land  unmanured 
wheat-plot  gives  0*0652  per  cent.,  the  subsoil  of  the  plot  devoted 
to  rye-grass,  with  liquid  manure,  in  the  same  field,  gives  0*0790 
per  cent. 

To  resume — the  comparison  of  the  percentage  of  nitrogen  in 
the  Lois  Weedon  and  the  Rothamsted  soils  submitted  to  Mr. 
Smith's  methods  of  growing  wheat,  the  one  with  so  much  success, 
and  the  other  with  such  signal  failure,  shows  that  the  former 
contain  a  higher  percentage  of  nitrogen  than  the  latter.  Thus, 
whilst  the  mean  percentage  in  the  trenched  plot  at  Rothamsted  is 
0*1417,  that  in  the  light  land  at  Lois  Weedon  is  0*1550  per 
cent,  and  in  the  heavy  land  at  Lois  Weedon  (taking  the  mean  of 
the  eight  determinations  on  both  stubble  and  fallow  plots)  is 
0*1827.  Independently,  then,  of  mere  physical  condition  of 
soil,  of  mineral  richness,  or  of  other  circumstances  affecting  the 
relations  of  the  plant  to  the  soil,  we  have  here  an  intelligible 
chemical  difference,  perfectly  consistent  with  what  all  other  expe- 
rience regarding  the  requirements  for  the  vigorous  growth  of  the 
wheat-crop  would  lead  us  to  anticipate. 

The  questions  still  remain,  however,  whether  the  Lois  Weedon 
soils,  in  all  probability,  have  a  greater  power  to  acquire  nitroge- 
nous plant-food  from  atmospheric  sources,  or  are  likely  more 
lightly  to  retain,  or  more  easily  to  give  up  to  the  plant  in  an 
assimilable  form,  their  previously  existing  or  newly-accumu- 
lated stores  of  nitrogen  ? 

With  a  view  of  getting  such  indications  on  these  points  as 
limited  time  would  permit,  the  following  experiments  were  made. 
Rather  more  than  one  thousand  grains,  in  a  finely-powdered  state, 
of  each  of  the  soils  enumerated  in  the  Table  (V.)  given  below 
(whose  nitrogen  had  previously  been  determined),  were  put  into 
a  water-bath  for  about  six  hours,  in  order  to  secure  an  equal 
state  of  dryness.  Exactly  one  thousand  grains  of  each  were  then 
weighed,  and  respectively  placed  in  small  but  equal-sized  basins. 
Each  of  these  was  then  mounted  upon  a  small  porcelain  pot  an 
inch  and  a  half  in  height,  and  so  placed  in  a  large  glass  basin 
containing  water  to  the  depth  of  about  an  inch.  The  large  basin 
was  then  covered  with  another  such,  and  the  whole  left  for  three 
days  at  a  temperature  of  100°  or  more ;  by  which  from  1±  to 
nearly  4  per  cent,  only  of  water  was  absorbed  by  the  different 
soils.  The  water  in  the  large  basin  was  then  replaced  by  pretty 
strong  ammonia- water ;  and  the  whole,  covered  as  before,  was 
left  for  four  days  in  a  warm  room,  the  temperature  being  main- 
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taincd  at  about  7(1°.  Even  now  none  of  the  soils  had  gainc 
quite  5  per  rent,  of  water  ;  and  as  it  was  thought  that  the  absorr 
lion  of  ammonia  would  be  facilitated  thereby,  5  per  cent,  wa 
now  added  to  each  of  them  ;  and  after  another  four  days*  expe 
sure  to  the  moist  amraoniacal  atmosphere,  a  further  10  per  cen 
of  water  was  added.  In  four  days  more  the  little  basins  wei 
removed  from  the  ammoniacal  atmosphere,  and  by  this  time  th 
soils  smelt  very  strongly  of  ammonia.  In  order  to  expel  a 
that  was  not  retained  in  a  comparatively  stable  condition,  tb 
little  basins  and  their  contents,  uncovered,  were  exposed  fc 
eighteen  hours  in  the  warm  room  at  about  70°;  by  which,  as  wil 
be  seen  in  the  Table,  the  amount  of  moisture  was  reduced  i 
all  cases  to  below  3,  and  in  some  to  below  2  per  cent.  In  thi 
state  the  percentage  of  nitrogen  was  again  determined  in  th 
soils  by  the  soda-lime  and  platinum-salt  process ;  and  in  th 
Table  are  given  the  results  of  these  determinations ;  and  by  the 
side,  the  mean  percentage  of  nitrogen  in  the  respective  soi 
hrforc  they  were  submitted  to  the  ammoniacal  vapours.  Tk 
percentages  of  water  in  the  specimens  at  the  different  stages, 
above  described,  and  the  percentage  gain  of  nitrogen  by  absor 
tion,  calculated  both  upon  the  dry  soils  and  upon  the  previous 
existing  nitrogen  in  them,  are  also  given;  the  former  to  the  1c* 
and  the  latter  to  the  right  of  the  nitrogen  determinations. 

A  glance  at  the  Table  shows  that  there  is  some  general  thou  \ 
not  numerically  exact  connexion  between  the  capacity  of  t 
different  soils  for  the  absorption  and  retention  of  water  on  fc 
one  hand,  and  of  ammonia  on  the  other.  It  is  seen  that  the  L« 
Weedon  heavy  land  and  its  subsoil  absorbed  and  retained  a  vc 
much  larger  proportion  both  of  water  and  ammonia  than  eitl 
the  Kothamsted  soil,  or  the  Lois  Weedon  light  land,  or  ligl 
land  subsoil.  Thus  the  nitrogen  in  the  Lois  Weedon  hefis 
lau  1,  which  was  before  the  highest  in  the  series,  has  been  rais 
by  the  absorption  experiment  by  0*1925  per  cent  ;  whilst  that 
the  Kothamsted  soil  is  raised  by  only  0*1306.  The  Lois  Weed 
light  land  has,  however,  absorbed,  or  at  least  retained,  less 
ammonia  than  the  Kothamsted  soil,  the  increased  amount 
nitrogen  in  its  case  being  0'0988  per  cent.  It  is  further  sc 
that  both  of  the  Lois  Weedon  subsoils  have  absorbed  more  tl1 
their  corresponding  surface  soils  ;  the  increased  percentage 
nitrogm  by  absorption  of  ammonia  being  in  the  heavy-land  st 
soil  O-riri'Jri,  and  in  the  light-land  subsoil  0*1109  per  cent. 

It  was  our  intention,  had  time  permitted,  to  have  com  pie1 
other  experiments  of  this  kind  for  the  purposes  of  this  pap* 
and  we  may  possibly  yet  be  able  before  concluding  to  app<? 
the  results  of  some  such  which  are  now  in  progress.  In  def 
of  thv9i;  houuvei,  we  vannol       \o  observe  as  a  significant 
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tl~ia.fc  the  Lois  Weedon  heavy  land,  which  has  yielded  Mr.  Smith 
his     best  results,  both  contained  more  nitrogen  in  its  original 
vtattc,  and  absorbed  and  retained,  under  equal  circumstances,  both 
more  water  and  more  ammonia  than  the  llothamsted  soil.  The 
l^ois  Weedon  light  land,  however,  although  containing  slightly 
in  ore  nitrogen  in  its  natural  state  than  the  soil  at  Rot  hams  ted, 
absorbed  and  retained,  in  the  experiment  above  described,  rather 
loss  both  of  water  and  of  ammonia  than  the  Rot  hams  ted  soil. 
1^  drawing  any  conclusion  from  the  results  of  an  experiment  of 
tlii»  kind,  in  regard  to  the  probable  comparative  qualities  of  the 
*oil»  in  their  natural  state  and  position,  we  must  first  carefully 
consider  what  are  the  circumstances,  in  a  necessarily  artificial 
^periment,  which  might  vitiate  a  strict  comparison  of  the 
"flares.    It  is  to  be  borne  in  mind  then,  that  the  soils,  when  sulv- 
"uttcd  to  the  absorption  experiments,  were  in  an  equally  finely 
"ivitJed  state,  and  they  would,  therefore,  expose  nearly  equal 
•urf^ces  to  the  watery  and  ammoniacal  vapours.    The  results 
•hould,  therefore,  show  the  comparative  absorptive  powers  of 
^^ad  surfaces  of  the  respective  soils.    And  this  being  so,  of  the 
1  j*ree  surface  soils  the  Lois  Weedon  heavy  land  has  the  highest, 
tJ>e  Rothamsted  soil  the  next,  and  the  Lois  Weedon  light  land 
*  5^  least  absorbent  power  in  relation  to  a  given  surface  exposed. 
**ut  in  its  natural  state  and  position  the  Lois  Weedon  light  land 
w^uld  undoubtedly  expose  a  much  greater  surface  of  atmos- 
pheric influences  than  the  Rothamsted  soil.    Hence  probably 
£^  reason  that  the  Lois  Weedon  light  land,  though  it  did  not 
ab*orb  more  ammonia  in  the  experiment  cited,  yet  in  its  natural 
*lftte  contained  a  higher  percentage  of  nitrogen  than  the  Rot- 
a**i*ted  soil.   Hence  probably  also,  this  Lois  Weedon  light  land 
w°Uld  both  absorb  or  otherwise  accumulate  more  nitrogen  in  an 
*T**ilable  form,  under  equal  climatic  circumstances,  and  yield  it 
UP  Uiore  readily  to  the  plant,  than  the  soil  at  Rothamsted. 

Since  the  above  was  in  type,  the  additional  experiments  referred 
have  been  concluded,  and  we  give  here  a  short  statement  of  the 
Ies*xlts.  In  this  second  series  of  absorption  experiments,  the  object 
to  include  the  surface  and  subsoil  of  the  land  devoted  to  the 
Weedon  experiments  at  Rothamsted  ;  and  also  to  submit  the 
•°*lsi  in  a  rather  moister  state  to  the  ammoniacal  vapours.  800 
S^ins,  in  an  equal  state  of  dryness,  of  each  of  the  soils  enu- 
^^^ated  in  the  Table  below,  had  25  septems,  or  about  23  per 
f*1**,,  of  water  added  to  them.    In  this  state  they  were  submitted, 
111  tbe  same  manner  as  in  the  previous  experiment,  to  moist  am- 
^^liacal  vapours  at  a  temperature  of  about  70° ;  though  in  this 
^^^  for  only  3  days  instead  of  12  as  formerly.    At  the  con- 
^^siion  of  the  absorption  period  each  little  basin  oi  iuS\  ^w** 
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exposed  for  24  hours  in  the  open  warm  room  at  60°  to  70°.  In 
this  condition  the  specimens  were  put  into  closed  bottles ;  from 
each  of  which  one  portion  was  taken  for  the  determination  of  the 
moisture  separable  at  212°,  and  separate  portions  for  that  of  the 
nitrogen,  the  duplicate  being  in  each  case  made  by  a  second 
experimenter.    The  following  are  the  results : — 


Table  VI. — Results  of  further  Experiments  on  the  comparative  Absorptive  Power,  for  Water 
and  Ammonia,  of  different  Soils. 


Per  cent. 
Water 
retained 

after 
absorption 
and 

Nitrogen  pet  cent  in  dry  Soil. 

Pcrcotgrkt! 
br  ibiorMka. 

Description  of  the  Soils. 

After  absorption  of  An 

Before 
absoption 

of 

On  dry 
80U. 

Oil* 

34  hours' 
exposure 
at  70s. 

Experiment 
1. 

Experiment 
2. 

Mean. 

Ammonia. 
Mean. 

<** 
l» 

'Continuously  un-1 
manured  . .  . .  ( 

5*33 

|  0-2498 

0*2632 

0*2565 

0*1523 

-1043 

68*4 

Kothamsted 
Soils  .. 

Lois-Weedon-Plot) 
Surface  Soil  . .  J 
Lois-Weedon-Plot ) 
>    Subsoil     . .  . .  J 

5*19 
5-45 

j  0-2525 
|  0-2378 

0-2462 
0-2239 

0-2493 
0*2308 

0-1417 
0*0746 

0-1076 
0-1561 

in 

909-4 

Lois 
Weedon 
Soils  .. 

'Heavy  Land  Sur-1 
face  Soil  ..J 
Light  Land  Sur-j 
k    face  Soil  ..  ..  I 

5*65 
4-69 

'  0*3445 
j  0-2488 

0-3308 
0*2425 

0-3376 
0*2456 

0*2012 
0-1550 

0-1964 
0-0906 

6M 

The  soils  being  throughout  this  experiment  in  a  moister  state, 
it  seems  they  did  not  become  so  dry  by  exposure  in  the  warm 
room  ;  nor  were  the  differences  in  the  retentive  power  under  these 
circumstances  so  great  as  in  the  former  instance.  Nevertheless, 
conformably  with  the  former  results,  the  Lois  Weedon  heavy 
land  retained  more  water  than  the  light  land,  and  more  also  than 
either  of  the  Rothamsted  soils.  The  Rothamsted  subsoil,  too, 
retains  more  than  either  of  the  Rothamsted  surface  soils,  though 
the  surface  soil  that  had  been  trenched  does  not  bear  the  tame 
relation  to  the  one  which  had  not,  in  regard  to  retention  of  water, 
as  might  be  expected,  though  we  shall  find  it  does  so  in  regard  to 
that  of  ammonia. 

With  regard  to  the  absorption  and  retention  of  ammonia,  the 
results  of  this  second  series  of  experiments  are  entirely  consistent 
with  those  of  the  first.  They  may  indeed  be  considered  to 
be  the  more  so,  from  the  variation  in  the  actual  per  cent,  of 
absorption,  since  the  circumstances  of  the  two  sets  of  experi- 
ments equally  varied.  We  find,  as  before,  that  the  Lois  Weedon 
heavy  land  absorbed  and  retained  more  ammonia  than  the  Rot- 
hamsted soils,  and  the  latter  more  than  the  Lois  Weedon  light 
load.    And,  as  was  the  case  with  the  Lois  Weedon  soils  and 
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their  respective  subsoils,  the  Rothamsted  subsoil  absorbed  and 
retained  more  ammonia  than  its  surface  soil ;  and  conformably 
w  ith  the  greater  power  in  this  respect  of  the  subsoil,  we  find  the 
trenched  land  at  Rothamsted  absorbed  and  retained  rather  more 
ammonia  than  the  one  which  had  not  had  any  of  its  subsoil  inter- 
mixed with  it. 

In  fact  the  results  of  this  second  series  of  absorption  experi- 
ments confirm  so  entirely  the  bearings  of  the  former  one  on  all 
essential  points,  that  the  arguments  and  conclusions  already  re- 
corded do  not  require  any  modification  or  correction  from  this 
additional  evidence. 

The  result  of  the  comparative  examination  in  the  laboratory 
of  the  Lois  Weedon  and  the  Rothamsted  soils  clearly  brings  out 
the  fact,  that  of  the  former,  the  heavy  one  at  least,  both  contained 
n*ore  nitrogen  in  some  form,  and  had  the  power  of  absorbing 
more  ammonia  under  equal  circumstances,  than  the  latter; 
whilst  the  experiments  in  the  field  have  shown,  that  a  much 
Plater  porosity,  and  consequently  a  greater  amount  of  surface 
f°r  atmospheric  influences,  is  attained  in  this  more  highly  nitro- 
genous,  and  more  powerfully  absorbent  heavy   soil  at  Lois 
Weedon,  than,  by  an  equal  expenditure  of  mechanical  means, 
Jpnld  be  attained  in  the  one  at  Rothamsted.    The  Lois  Weedon 
Jj^nt  land  too,  certainly  contained  more  nitrogen  than  the 
"othamsted  soil  in  its  natural  state;  and,  as  we  have  seen, 
*ould  in  that  same  state,  in  all  probability,  acquire  more  under 
*lual  climatic  circumstances,  and  yield  up  more  in  a  given  time 
*°  the  growing  crop. 

It  would  be  taking  a  very  narrow  view  of  the  case  to  suppose, 
to*t  no  other  circumstances  than  an  increased  supply  of  nitrogen 
"^tbin  the  soil  have  had  their  share  in  the  success  of  the  wheat 
C|J0P  at  Lois  Weedon.    There  is  no  doubt  that  the  methods  there 
fronted  are  well  fitted  to  develop  to  the  highest  degree  the 
Jj^althy  distribution  of  both  the  underground  and  above-ground 
filers  of  the  plant.    Those  methods  favour  also  the  liberation, 
**e  elaboration,  and  the  distribution  throughout  the  root-searching 
ikea  °'      P'ant»  °f  tne  m*neral  food  of  the  crop,  in  a  manner 
it  would  be  impossible  to  emulate  in  the  application  of 
air«ct  manures.    This  system  moreover,  independently  of  the 
?ler«  amount  of  available  nitrogen  provided  within  the  soil  by 
***  Queans,  secures  also,  better  than  any  other  means  could  do,  the 
Perfect  distribution  of  the  assimilable  nitrogenous,  wherever 
i  ^  is  a  liberal  supply  of  the  assimilable  mineral  food.    It  so 
aPpens  too,  that  it  is  just  those  soils  which  are  known  to  pos- 
generally  the  greatest  absorptive  and  retentive  powers>  that 
generally  also  the  greatest  stores  of  most  oS  ueca^ 
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mineral  constituents  of  our  crops.  It  is  not,  however,  all  whL 
possess  these  physical  or  chemical  powers  of  surface,  and  these  i 

herent  mineral  riches,  that  will  allow,  with  equal  ease,  the  exj  

sure  of  an  equal  surface  for  the  development  and  availaLsT  «W 
activity  of  these  powers  and  stores. 

That  the  nitrogen  shown  to  exist  in  soils  by  the  methods  of  ar-x_ai] 
lysis  which  have  generally  been  adopted,  docs  not  necessarily  ; 
exist  in  a  form  readily  and  within  a  limited  period  assimilable  J 
plants,  is  easily  demonstrable.  Thus,  with  a  view  to  this  poLs^E-iaj 
several  of  the  soils  which  have  been  the  subject  of  this  paper  w»»  —en 
operated  upon  as  follows.  A  given  weight  (100  grains)  was  J^^mi 
into  a  flask,  20  ounces  of  water  added,  and  a  little  strong  caus^Btic 

C)tash  ley.    The  11  ask  was  then  connected  by  a  tube  witk^K  a 
iebig's  condenser,  and  heat  applied  so  as  to  keep  the  mixt-  -mire 
gently  boiling.    A  series  of  smaller  flasks,  gauged  and  marK*ed 
to  hold  exactly  4  ounces  each,  were  then  successively  attachecJZ  aj 
receivers,  until  three  separate  fifths  of  the  original  bulk  of  fL_  mid 
had  been  collected.    It  has  been  shown  by  Boussingault,  hat 
when  very  dilute  solutions  of  ammonia  or  ammoniacal  salt  are 
distilled  in  this  way,  practically  the  whole  of  the  ammonia  will 
come  over  in  the  first  two-fifths  of  the  distillate.    And  itii 
obvious  that  boiling  a  soil  in  a  fine  state  of  division  with  dilute 
caustic  potash  for  two  or  three  hours,  would  liberate  a  very  much 
larger  proportion  of  its  nitrogen  in  the  form  of  ammonia  than 
could  be  rendered  soluble  and  available  for  plants  in  many  years 
of  the  influence  of  air  and  moisture  upon  a  soil  in  the  very 
limited  state  of  division  in  which  it  exists  in  cultivated  land- 
Collecting,  however,  a  distillate  of  three  separate  fifths,  super- 
saturating each  with  a  known  quantity  of  a  test  acid,  adcH1**? 
litmus,  and  then  neutralising  by  a  test  alkaline  solution,  it  ^ 
found  that  only  a  small  proportion  of  the  nitrogen  existing  in  tt»e 
soil  (the  quantity  varying  slightly  with  the  rapidity  of  the  distil} 
tion)  was  obtained  in  the  distillates.   And  quite  conformably  W***1 
the  point  established  by  Boussingault,  and  confirmed  in  o*** 
own  experiments  in  the  case  of  rain-waters,  the  first  fifth 
taincd  by  far  the  larger  proportion  of  the  whole  ammonia  whi^y1 
came  over;  the  third  fifth,  in  fact,  containing  very  little.  " 
was,  however,  found,  that  a  very  much  larger  proportion  of  ^^ae 
total  nitrogen  distilled  over  as  ammonia  from  the  soils  after  tb^7 
had  been  submitted  to  ammoniacal  vapours  as  above  describe**! 
than  before  they  had  been  so  treated. 

Although,  therefore,  it  may  generally  happen  that  a  soil  whi^n 
contains  the  highest  per  cent,  of  nitrogen  may  have  a  great £r 
aptitude,  if  well  worked,  both  to  acquire  more  and  to  yield  up 
accumulated  stores,  and  hence,  so  far  be  more  fertile,  yet  it  is 
viously  Quite  inadmissible  to  suppose,  that  the  addition  of  a  coi»- 
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paratively  small  amount  of  nitrogen  to  the  soil,  in  a  form  proved 
to  be  readily  accessible,  can  be  of  no  avail,  simply  because  the 
soil  itself  already  contains  a  much  larger  absolute  amount; — 
though,  from  its  distribution  and  state  of  combination,  it  may  be 
bat  in  very  small  proportion  available  within  a  single  season. 
That  soils  are  not  necessarily  more  fertile  because  they  contain  a 
larger  actual  amount  of  nitrogen,  is  interestingly  illustrated  in ' 
the  effects  of  burning  clays.  The  burnt  clay  after  some  exposure, 
as  has. been  shown  by  Professor  Voelcker,  contains  a  much  less 
percentage  of  nitrogen  than  the  unburnt.  No  doubt  the  in- 
creased supply  of  available  mineral  food,  as  well  as  the  change 
of  texture  by  which  the  roots  of  the  plant,  as  well  as  the  atmos- 
phere, are  enabled  better  to  permeate  the  soil,  have  much  to  do 
with  the  result.  That  this  is  so,  may  indeed  be  judged,  by  a 
consideration  of  the  descriptions  of  crop  grown  with  most  advan- 
tage after  the  burning  process.  There  can  be  little  doubt,  how- 
ever, that  the  smaller  amount  of  combined  nitrogen,  newly 
acquired  by  the  porous  burnt  soil,  will  be  much  more  accessible 
to  the  plant  than  the  larger  amount  locked  up  in  the  unburnt 
day ;  and  to  this  circumstance,  in  all  probability,  a  fair  share  of 
the  beneficial  effects  of  burning  should  be  attributed.  In  fact, 
this  smaller  amount  of  accessible  nitrogen  in  the  exposed  burnt 
day,  has  a  much  greater  proportional  effect  as  compared  with 
that  in  the  unburnt,  just  as  the  smaller  amount  added  in  manure 
in  an  available  form  has  a  striking  effect  in  an  ordinary  soil, 
notwithstanding  that  the  latter  may  contain  an  enormously  larger 
amount,  but  in  a  less  accessible  condition. 

It  is  further,  we  think,  very  doubtful  whether  ordinary  agricul- 
turally  cultivated  soils,  even  contain,  in  any  form,  so  large  an 
amount  of  nitrogen  as  the  uncritical  reader  might  be  led  to  sup- 
pose from  the  statements  on  this  point  given  by  Baron  Liebig  in 
the  last  number  of  this  Journal.  The  percentages  given  in  soils 
by  Dr.  Krocker,  whose  figures  Baron  Liebig  does  not  quote 
in  the  Paper  referred  to,  agree  very  closely  in  range  with  our 
own  experience  in  such  matters.*  Of  those  which  he  has  now 
brought  more  prominently  forward,  and  which  we  have  quoted 
in  full  at  an  earlier  page,  the  range  is  in  some  cases  so  high,  and 
the  discrepancies  between  the  individual  analyses  of  the  same 
aoil,  as  already  shown,  so  great,  that  we  are  disposed  to  place 
much  more  confidence  in  the  medium  amounts  given  in  that 
Table.  Then,  again,  neither  the  Russian  black  earth,  nor  the 
aoils  of  gardens  or  woods  (the  latter  being  the  only  ones  given  by 


*  Dr.  Krocker's  results  will  be  found  in  the  Appendix  to  Baron  Liebig's  4th 
.English  Edition  of  his  Chemistry  in  its  Applications  to  Agriculture  and  Physiology^ 
-p.  S75. 
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Paron  Liebig  as  analysed  by  himself),  can  be  taken  as  parallel 
with  ordinary  farming-land,  under  ordinary  cultivation. 

With  regard  to  any  estimates  that  might  be  made  from  our 
own  determinations  of  nitrogen  in  the  soils  at  Rothamsted  and 
Lois  Weedon,  of  the  probable  acreage  amount  within  a  given 
depth,  it  may  be  observed,  that  the  result  obtained  and  published 
ten  years  ago  of  the  amount  of  nitrogen  in  the  soil  of  our  conti- 
nuously uninanured  wheat  plot  (0*2  p.  c),  was  considerably 
higher  than  that  now  recorded  in  Table  IV.    This  was  to  a  great 
extent  due  to  the  fact,  that  the  earlier  sample  was  taken  to  little 
more  than  half  the  depth  of  the  recent  one.    By  reference  to  the 
analysis  book  we  also  find  that,  for  a  substance  containing  so  small 
an  amount  of  nitrogen,  much  too  small  a  quantity  was  submitted  to 
analysis.    There  is  also  the  consideration,  whether  or  not  part  of  \ 
the  difference  is  due  to  the  reduction  of  the  condition  of  the  land  in 
regard  to  nitrogen,  by  the  removal  of  ten  more  unmanured  wheat 
crops.  It  is  clear,  however,  that  the  determination  of  nitrogen  made 
upon  a  sample  taken  to  only  half  that  depth,  cannot  be  taken  icr* 
estimating  the  probable  acreage  amount  to  the  depth  of  one  foot  — 
Then,  again,  since  the  analyses  now  recorded  were  made  upoC* 
samples  taken  to  the  depth  of  only  nine  inches,  the  ralculater  ^ 
acreage  amounts  one  foot  deep,  given  in  the  lower  part  o  £ 
Table  IV.  for  comparison  witli  Baron  Liebig's  adopted  depth  o>  ^ 
one  foot,  must  obviously  be  too  high.    With  these  explanations*  9 
then,  as  to  the  degree  of  applicability  of  our  figures  to  any  esti  — 
mates  of  acreage  amounts,  the  results  are  committed  to  the  reader"* 
as  some  additional  data  on  the  many  points  of  interest  which  tin  * 
question  of  the  nitrogen  in  soils  involves. 

It  was  our  hope  and  intention,  had  our  time  permitted  it, 
have  included  within  the  limits  of  this  paper  a  short  review  o>f 
existing  knowledge,  and  especially  of  the  results  and  tendency 
of  the  investigations  of  recent  times,  bearing  upon  the  sources  0* 
available  nitrogen  to  cultivated  plants,  both  within  and  withotft 
the  soil.    It  is,  indeed,  remarkable  how  many  are  the  ind*' 
pendent  researches,  from  experimenters  both  numerous  s*v 
varied  in  their  pursuit  and  object,  which  have  come  in  upon  tl*1* 
field  of  inquiry  during  the  last  few  years.    It  is  not  less  rema*^' 
able,  that  the  subject  of  agricultural  chemistry,  perhaps  more  th**? 
any  other,  has  demanded  and  successfully  incited  a  rigid  inves**1" 
gat  ion  of  methods  of  research  ;  and  it  has,  both  in  this  count**",?' 
in  Germany,  and  in  France,  led  to  improvement,  and  a  mu^" 
greater  degree  of  accuracy,  in  some  of  the  most  difficult  depa.***j. 
mints  of   chemical  analysis.     Besides  the  establishment 
methods  for  the  d ('termination  of  quantities  of  ammonia  a***r 
nitric  ac  id,  formerly  far  too  minute  to  be  made  the  subject 
successful  quantitative  estimation,  the  analysis  of  gases,  t 
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leculiar  Influences  of  the  sun's  rays,  meteorological  phenomena 
generally,  vegetable  physiology  in  its  various  departments,  struc- 
tural and  functional,  not  a  little  aided  by  the  revelations  of  the 
microscope,  are  all  now  receiving  their  special  study,  and  will 
find  their  special  application  in  the  elucidation  of  important 
agricultural  questions.  And,  although  we  cannot  fail  to  see 
that  all  will,  sooner  or  later,  conspire  to  give  security  to  the  next 
important  step  in  these  inquiries,  it  must  be  freely  admitted, 
that  as  yet  the  difference  of  opinion  is  so  great,  and  there  really 
ate  so  many  points  undetermined,  that  we  may  rest  satisfied  to 
delay  for  the  present  the  summary  we  had  intended  to  give,  in  the 
hope  that,  when  the  opportunity  next  occurs,  we  may  have  a  less 
questioned  advance  to  record. 

In  conclusion,  the  field  results  recorded  in  the  foregoing  pages 
hare  clearly  shown  that,  from  some  cause  or  other,  the  endeavour, 
by  given  mechanical  operations,  to  attain  a  deep  and  porous 
staple,  with  the  admixture  with  the  surface  of  a  certain  portion  of 
the  subsoil,  was  quite  insufficient  to  secure  in  the  Roth  am  s  ted 
foil,  those  conditions  of  texture  and  of  other  qualities  incident  to 
*t»  essential  to  the  successful  start,  and  healthy  after  development, 
specially  of  an  early  thinly-seeded  wheat  crop.    The  field  ex- 
periments also  afford  conclusive  evidence,  that  the  defect,  so  far 
**  it  was  chemical,  was  not  connected  with  a  deficiency  of  avail- 
able mineral,  relatively  to  available  nitrogenous  food.    The  con- 
cluding experiments  showed,  on  the  contrary,  that  an  increased 
provision  of  nitrogen  in  the  soil,  by  manure,  gave  a  very  mucli 
l*rger  amount  of  increase  on  the  now  more  thickly-seeded  land, 
than  an  increased  supply  of  the  mineral  constituents  of  the  crop 
J*>uld  do.    That  such  should  be  the  result  on  the  land  at  Rot- 
°*nuted,  where  the  Lois  Weedon  plan  had  failed,  was  perfectly 
consistent  with  the  limited  degree  of  porosity  for  the  exposure  of 
*t*rface  to  atmospheric  influences,  and  for  the  permeation  of  the 
r°otg,  which  had  been  attained  by  the  means  employed.  It  is  also 
Perfectly  consistent  with  those  views  as  to  the  sources  of  the 
*fe*ultant  effects  of  fallow,  and  as  to  the  characteristic  action  of 
Afferent  constituents  of  manure  on  ordinarily  cultivated  land, 
upon  which  we  have  so  often  insisted. 

T'he  results  in  the  laboratory  again,  have  borne  their  consistent 
^ldence  on  every  point.   Thus,  bearing  in  mind  at  the  same  time 
f i  e  comparative  character  as  to  porosity  of  the  Lois  Weedon  and 
^e  Rothamsted  soils,  it  is  found  that,  taking  a  given  amount  of 
in  its  natural  state,  both  of  these  more  porous  soils  at  Lois 
^don  contain  more  nitrogen  than  those  at  Rothamsted.  One 
j    Uicm  again  has,  besides  its  greater  exposed  surface  uv 
e*d,  no  doubt  associated  with  a  greater  susceptiYAYit^  Vo  aXmo*- 
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pheric  influences  generally,  a  greater  power  of  absorption  for 
ammonia  in  relation  to  a  given  surface.  The  other  of  these  Lois 
Weedon  soils,  although  absorbing  a  less  amount  of  ammonia  in 
relation  to  a  given  weight  having  an  equal  surface  exposed,  un- 
doubtedly offers,  under  equal  circumstances  in  the  field,  a  much 
larger  amount  of  surface  for  absorption  than  the  soils  at  Rotham- 
sted.  Indeed,  we  can  have  little  doubt,  that  to  the  difference 
between  the  respective  soils  in  the  degree  of  the  conjoint  influ- 
ences of  mechanical  division,  and  of  power  of  absorption  and 
liberation  (in  part  depending  on  it)  of  a  sufficiency  of  available  ■ 
nitrogen  relatively  to  the  available  mineral  constituents,  must  in 
great  measure  be  attributed  the  difference  in  the  results  obtained . 
at  Lois  Weedon  and  at  Rothamsted. 

Further,  in  the  results  which  have  been  recorded,  whether  in 
the  field  or  in  the  laboratory,  we  find  additional  confirmation  ofX^-*f 
the  view : — 


"  That  the  chemical  effects  of  fallow,  in  increasing  the  growth  of  the  cen 
grains,  are  not  measurable  by  the  amount  of  the  additional  mineral  food 
plants  liberated  thereby ;  these  being,  under  ordinary  cultivation,  in  excess 
the  assimilable  nitrogen  existing  in,  or  condensed  within,  the  soil  in  the  sanws-J"  je 
period  of  time.  The  amount  of  the  latter,  therefore — (t.  e.)  the  avaiLM^m^l* 
nitrogen — is  the  measure  of  the  increased  produce  of  grain  which  will  l«-J^  m 
obtained." 

But  the  system  adopted  by  the  Rev.  Mr.  Smith,  of  growing-^Btff 
wheat  year  after  year  on  alternate  strips  of  the  same  land,  and  assist—* 
a  general  rule  without  any  restoration,  directly  or  indirectly,  offt  ^ 
the  mineral  constituents  removed  in  the  crops,  certainly  does  no£V  ^ 
come  within  the  definition  of  "  ordinary  cultivation,"  as  referredft^' 
to  in  the  paragraph  just  quoted.    Whilst,  therefore,  a  soil  not^*  — * 
only  rich  in  the  absolute  amount  of  the  mineral  constituents  offt  — * 
the  crop,  but  one  capable  of  sufficient  mechanical  division,  ancLsfc^ 
susceptible  to  the  liberating  action  of  atmospheric  influences,  iss^s*-*1 
absolutely  essential  to  the  success  of  the  plan,  yet  all  experience,^^^ 
practical  and  experimental,  tends  to  show,  that  a  large  amount  oft 
inherent  mineral  stores,  and  their  easy  liberation,  or  available^^ 
form  for  the  use  of  the  plant,  will  only  suffice  for  the  productioic^V 
of  full  crops  of  wheat,  provided  there  be  at  the  same  time  a  libenu^sH/ 
supply  of  available  nitrogen  within  the  soil  itself. 
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IN  THE 

POSITION  OF  WHEAT-GRAIN,  ITS  PRO- 
DUCTS IN  THE  MILL  AND  BREAD. 

By  J.  B.  LAWES,  F.R.S.,  F.C.S.,  and 
J.  H.  GILBERT,  Ph.  D.,  F.C.S. 

composition  of  the  grain  yielding  the  most  important  article 
man  food  in  temperate  climates,  its  yield  of  valuable  products, 
the  varying  composition  either  of  the  grain  itself,  or  of  these 
icts,  according  to  the  conditions  of  growth,  or  the  circum- 
€8  of  aflber  preparation,  are  subjects  worthy  the  attention 
ly  of  states  and  of  men  of  science.  Accordingly,  we  find  that 
mical  examination  of  wheat-grain  and  its  products,  has  from 
to  time  been  undertaken  by  chemists  of  repute ;  sometimes 
natter  of  private  investigation,  and  at  others  of  public  inquiry; 
almost  as  numerous  as  the  names  of  the  experimenters,  are 
pecial  lines  of  research  which  they  have  selected. 
Ve  are  indebted  to  Beccaria  for  the  first  notice,  more  than 
itury  ago,  of  the  gluten  in  wheat.  Among  the  earlier  investi- 
•s  of  the  subsequent  period,  are,  Proust,  Vauquelin, 
Saussure  and  Vogel,  who  have  examined  the  proximate 
nplea,  and  some  of  the  changes  to  which  they  are  subject,  in 
>us  descriptions  of  wheat,  of  flour,  or  of  bread.  M.  Bous- 
jault  has  somewhat  elaborately  studied  various  branches  of 
Bubject  more  recently;  and  we  are  indebted  to  "Dxmv*** 
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Payen,  Johnston,  and  Dr.  E.  D.  Thomson  for  original,  a  « 
well  as  a  considerable  amount  of  collected  information.  The  mof=-  * 
recent,  on  some  points  the  most  detailed,  and  from  advance  ic^-i 
methods,  perhaps  on  some  also  the  most  reliable,  are  the  result  3 
of  M.  Peligot  in  1819,  on  the  proximate  constitution  of  varioo  -3 
kinds  of  wheat,  and  of  M.  Mi  11  on  in  1819  and  1854,  on  some—  - 
what  similar  points.  Lastly,  in  1853  M.  Poggiale,  and  in  18-r» — ^ 
Dr.  Ma clagan.  have  given  the  results  of  their  investigations  o«3 
the  characters  and  composition  of  bread. 

Besides  these  more  general  investigations,  we  have  hadi^mi 
recent  times  many  special  inquiries  connected  with  our  subjec~*r. 
Thus,  M.  Houssingault  has  given  us  analyses  of  the  ashes  c^»f 
wheat ;  and  many  other  such  analyses  have  been  made  in  Ger- 
many, and  elsewhere,  since  the  first  appearance,  in  1810.  of  Baro  *i 
Liebigs  work  on  "  Chemistry  in  its  Applications  to  Agriculture* 
and  Physiology."    In  this  country,  Mr.  Way  has  given  us  tl*«? 
most  extensive  series  of  wheat-grain-ash  analyses,  his  list  including 
those  of  -(>  specimens  or  descriptions. 

The  plan  of  our  own  investigation,  which  unfortunately  h**"5 
been  much  less  perfectly  filled  up  than  we  at  first  intended, 
entered  upon  more  than  a  dozen  years  ago,  and  was  devised  with 
reference  to  the  following  points: — 

1st.  The  influence  of  varying  characters  of  season,  and  of  vari- 
ous manuring,  upon  the  organic  and  mineral  composition  of  wheat 
grain. 

2ndly.  Tin*  characters  of  varieties,  especially  in  relation  to  their 
adaptation,  and  the  qualities  they  then  develop,  under  the  influent 
f  broader  distinctions  as  to  locality,  altitude,  latitude,  and  vary* 
ing  climatic  circumstances  generally. 

It  is  in  1  lie  second  branch  of  the  inquiry  that  we  have  fallen  the 
furthest  short  of  our  intentions.  With  a  view  to  its  prosecution,* 
journey  through  the  chief  corn  growing  districts  of  Europe, com* 
mencing  at  the  northernmost  point  at  which  wheat  is  grown  su^ 
cessfully,  was  about  to  be  undertaken  in  1848 ;  but  the  social^ 
turbances  on  the  continent  at  that  period,  necessarily  prevented  it- 
The  plan  proposed  was — to  collect  information,  as  to  the  geologi^ 
and  meteorological  characters  of  the  various  localities,  as  to  the  mod* 
of  culture,  and  as  to  the  general  acreage  yield,  both  in  straw  amj 
grain  ;  and  lastly,  to  procure  characteristic  specimens  forchemw* 
examination  at  home.  Failing  entirely  in  the  execution  of  ^ 
'Irsiiru,  the  Exhibition  of  18-M  was  looked  forwaitl  to  as  an  opp°r" 
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for  procuring  specimens  not  only  of  wheat,  but  of  other 
ble  products,  and  perhaps  also  important  particulars  of  their 
l,  from  various  countries  and  climates.  Such,  however,  was 
rision  of  authority,  and  such  the  alleged  preference  given  to 

institutions  in  such  matters,  that,  whether  the  latter  bene- 
r  not,  the  collection  which  we,  as  private  individuals,  were 
1  to  make,  was  entirely  inadequate  to  our  object.  From 
lifficulties  it  is,  that  our  second  main  object  of  inquiry  was 
uily  to  a  great  extent  abandoned ;  and  chiefly  for  this  rea- 
it  partly  owing  to  the  pressure  of  other  subjects,  the  first 
e  limited  or  local  branch  of  the  investigation  has  in  recent 
been  but  imperfectly  followed  up.  And,  as  it  is  probable 
must  for  some  time  remain  so,  it  has  been  thought  desirable 
>  put  on  record  the  results  already  obtained ;  hoping  that 
lay  serve  the  double  purpose,  of  confirming  or  adding  to 
isly  existing  knowledge,'  and  of  indicating  to  others  the 
most  requiring  further  study. 

a  following  is  a  brief  outline  of  the  plan  of  investigation 
has  yielded  the  results  which  we  have  now  to  lay  before  the 
r. 

>m  the  season  1843-4,  up  to  the  present  time,  wheat  has 
growing  in  the  same  field  continuously,  both  without 
e,  by  ordinary,  and  by  various  chemical  manures.  As  a 
1  rule,  the  same  description  of  manure  has  succeeded  year 
ear  on  the  same  plot  of  land.  The  amount  of  produce,  grain, 
and  chaff,  and  its  characters  as  to  weight  per  bushel,  &c, 
ji  every  case,  been  carefully  ascertained  and  recorded, 
es  from  each  plot — both  grain  and  straw — have  also  been 
ed  every  year.  Of  each  of  these  samples  two  weighed  por- 
re  coarsely  ground  ;  the  dry  matter  determined  at  a  tempera- 
f  212°;  and  the  ash  by  burning  on  sheets  of  platinum,  in 
>n  muffles  arranged  for  that  purpose.*  Other  weighed  por- 
f  grain  and  straw  are  partially  dried,  so  as  to  prevent  their 
position ;  and  in  this  state  they  are  preserved  for  any  exami- 
of  their  organic  constituents.  By  this  course  of  procedure, 
mass  of  results  has  been  obtained,  illustrating  the  influence 
ion  and  manuring,  upon  the  percentage  of  dry  substance, 
'  mineral  constituents,  in  the  produce.  In  selected  cases, 
trogen  in  the  grain,  and  in  the  straw,  has  been  determined. 

te  dry  matter  and  ash,  were  not  determined  in  *uch  compVeta  ««iv«&\tv  >Jw* 
rem,  as  in  the  later. 

B  % 
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A  summary  table  of  those  dry  matter,  ash,  and  nitrogen  results,  wit  -* 
he  given  below.  In  from  twenty  to  thirty  cases  complete  analysr=3 
of  the  grain-ashes  have  been  made,  and  the  results  of  these  wil  ^1 
be  given  in  full. 

Besides  the  experiments  above  described,  in  selected  case^ 

chiefly  from  the.  produce  of  the  earlier  years  of  the  field  experi  

ments,  it  was  m night  to  ascertain  the  comparative  yiehl  of 
and  also  the  churaeters  of  the  flour,  of  grain  grown  by  diftereii  ^ 
manures  in  the  same  season,  or  by  the  produce  of  different  s«w — 
sons.    The  ro/nnisfs  ,«trcl  lunuhuill  was  first  had  recourse  to  fo 
this  purpose.    But  it  was  soon  found,  that  it  was  extremely  ditiL  — 
cult  so  to  regulate  the  machine,  as  to  secure  uniform  action  upo 
the  different  grains;  and  it  was  further  found,  that  the  grain,  an.  *J 
espec  ially  the  bran,  was  cut  up  rather  than  crushed,  so  as  toleav^*? 
too  much  of  flour  in  the  portion  separated  as  bran,  and  too  much 
bran  in  that  separated  as  flour;  and  hence  the  results  were  not 
sutliciently  comparable  with  those  of  the  ordinary  mill.  Arran<r«?~ 
ments  were  therefore  made  for  prosecuting  the  inquiry  at  a  Hoar 
mill  in  the  neighbourhood,  worked  by  water  power.  Weigh*?*! 
quantities  of  the  selected  samples  (from  125  to  2-50  lbs.  each),  we** 
passed  through  the  stones,  and  the  "  meal"  thus  obtained,  through1 
the  dressing  machine,  under  our  own  personal  superintendence  ; 
great  cure  being  taken  to  clear  from  the  different  parts  of  tlx** 
apparatus  the  whole  of  one  lot,  before  another  was  commenced 
upon. 

The  yield  in  the  dressing  machine  of  each  of  the  difFerei"** 
products  was  ascertained,  and  its  percentage  in  relation  to  tbe 
total  grain  or  its  "  meal,"  has  been  calculated.    Portions  of  eac'1 
of  these  products  have  had  their  dry  matter  (at  21 2°),  and  the* r 
mineral  matter  (by  burning  on  platinum),  determined.    The  pel" 
centage  of  nitrogen  in  a  few  selected  series — from  the  finest  flot>r 
down  to  the  coarsest  bran — has  also  been  estimated;  and  in  tl*e 
same  cases,  the  amounts  of  one  or  two  of  the  more  importa*1* 
constituents  of  the  ash  have  also  been  determined.    The  result8 
of  these  dry  matter,  ash,  nitrogen,  and  constituent  of  ash,  deter- 
minations, in  the  series  of  different  products  obtained  in  thenri"» 
will  be  given  in  tables  further  on. 

The  original  design,  was  to  complete  the  examination  of  *'ie 
mill  products,  by  determining  in  several  series  of  them,  the  per" 
eentage  «»f  e.tch  of  their  proximate  organic  principles:  and  a'-*0 
tlif  nnunmi  and  composition  of  mineral  matters,  associated  w^ 


ON  THE  COMPOSITION  OF  WHEAT-GRAIN,  &C. 


5 


i  respectively.  It  was  hoped,  by  this  latter  inquiry,  to  obtain 
►rtant  collateral  information,  bearing  upon  the  influence  of 
•us  constituents  upon  the  healthy  and  special  development  of 
plant.  Although,  however,  specimens  of  the  flour  are  pre- 
?d  for  this  purpose,  as  well  as  the  ashes  of  each  crude  pro- 
,  it  is  feared  that  this  subject  cannot  be  proceeded  with,  at 
for  a  considerable  time  to  come. 

V)rtions  of  the  different  products  of  the  dressing  machine 
uding  more  or  less  of  the  finest  flour,  of  the  more  granular, 
f  the  more  branny  particles  respectively),  from  grains  of 
•what  various  history  of  growth,  have  been  experimented 

to  ascertain  their  comparative  bread-making  qualities ;  and 
>  results,  together  with  a  few  examinations  of  baker's  bread, 
a  discussion  of  the  results  of  other  experimenters,  as  to  the 

of  bread  from  a  given  amount  of  flour,  and  the  percentage 
iter  and  of  nitrogen  in  the  former,  will  be  given  below. 

Vith  this  short  outline  of  the  plan  of  investigation  which 
>een  pursued,  we  proceed  now  to  a  discussion  of  the  results 
ti  have  been  obtained. 

Q  Table  I  are  given,  in  the  first  four  columns,  certain  pro- 
nt  characters  of  the  produce  of  each  of  ten  years  of  the  suc- 
ve  growth  of  wheat  as  above  described.    The  items  are : — 

The  total  produce  per  acre  (grain  and  straw),  in  lbs. ; 

The  per  cent,  of  grain  in  the  total  produce ; 

The  per  cent,  of  dressed  grain  in  the  total  grain ;  and, 

The  weight  per  bushel  of  dressed  grain  in  lbs. 
*he  figure  given  for  each  year,  generally  represents  the 
ige  of  about  40  cases;  and  the  characters  enumerated  are 
best  which  can  be  given  in  a  summary  and  numerical  form, 
xdicate  the  more  or  less  favourable  condition  of  the  respec- 
Beasons  for  the  healthy  development  of  the  crop,  and  the 
set  maturation  of  the  grain. 

in  the  second  set  of  three  columns  are  given,  side  by  side 
the  general  characters  just  described,  the  percentages  in 
grain  of  each  year — 

Of  dry  substance ; 

Of  ash  in  dry  substance;  and, 

Of  nitrogen  in  dry  substance ; 
two  former  items  being  in  most  cases  the  average  of  30  to 
cases  in  each  year;  but  the  per  cent,  of  uUrogen/vi  m  wiifc 
*ooe,  the  mean  of  a  few  selected  cases  only. 
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In  the  third  set  of  three  columns,  are  given  similar  particu- 
lars relating  to  the  composition  of  the  straw.    The  ]>ercentage» 
of  dry  substance  and  of  ash  in  the  straw  are,  however,  not  u» 
averages  of  so  many  cases  in  each  year,  as  are  those  for  the  grains^ 
and  the  determinations  of  nitrogen  in  the  straw,  have  also  beei^fc. 
made  in  fewer  cases  than  in  the  grain. 

It  will  thus  be  seen,  that  the  table  affords  a  summary  view— 
of  a  really  enormous  amount  of  experimental  result,  and  wi^= 
ought  to  be  able  by  its  means  to  discover,  at.  least  the  broat — "1 
and  characteristic  effects  of  varying  seasons,  upon  the  compr^ 
sit  ion  of  the  crop.*    This  indeed  is  all  we  could  hope  to  attain^ 
in  such  a  mere  outline  and  general  treatment  of  the  subject  e^j> 
is  appropriate  to  our  present  purpose. 


TABLE  I. 
(Jknekal  Summary. 


is!;, 
}su\ 
1SJ7 
isis 
1  s  1 «) 
1  *:>() 

I  Sol 
lS.->2 
is;;} 
ls;,t 

M.  ai:* 


I '.irtn-ui.tr>  «»i  the  rnnlueo. 


I 

lYnviit.  Weitflii 
ilrt.-- »t"l  jut 
•-rum  in  Imslidof 

-rrmii.  tfniin  in 
;  lbs. 


..r.uii  in 

••■till 
;.r.-.i  ;cv 


;>;.i;, 
nn 
.vjj  i 

1.M7 

;.;;lm 
:>i:m; 
.vj::> 

4  •-".»<» 

.*  i : » : ; 
r>s<a 

;.u;»;; 


x\  ] 
i.n 
:u\  i 

:<s  2 
;u»> 
i':.  l 
:<;. 


oo- 1 

X\"2 
Si>  0 

(.u:5 

iio- 1 
s.VD 

il.vti 


I 


r>r>-7 

G31 
G20 
5S"i 
(>35 
M-9 

<;2«> 

502 
«l-4 


1      i»2-l  59G 


Composition  uf 
Ou  MX. 


Vreent.  Percent,  Ferccnt. 

dry  a*h  in  nitrogen 
(21i-.)     dry.     in  dry. 


C\>u»  jwwtiuii  o( 

STRAW. 


Per wnt.  Prrc«sjt.  Hereon* 
dry      ash  in  ulifiT'* 
^212°.)     diy.  ialO" 


80-8 
84-3 

803 

83  1 

84  4 
84-2 
832 
80-8 
849 


1-91 
1-«JG 

202 
1  84 

1-89 
200 
224 
1-93 


225 
215 
230 
239 
1-94 
215 

1  98 

2  38 
235 
214 


82-9     1-98  220 


826 
X4-4 
84-7 
826 
810 
83  7 


706 
602 
5*56 
7*24 
617 
5*S 
5'88 
6  53 
627 
6-08 


S3  2  617 


0-92 
I  0-7 
0-7S 

.vs2 


Leaving  then  out  of  view  all  minor  points,  and  confining  °ar* 
selves  to  our  already  defined  object — namely,  that  of  ascertain^ 
tlie  general  direction  of  the  influence  of  variation  of  season  up*11 
the  composition  of  the  wheat  crop — we  cannot  fail  to  see, 
wherever  the  three  items  indicating  the  quality  of  the  prodaCe 

*  It  should  belated,  that  up  to  1848  inclusive,  the  description  of  wheat 
Old  Rod  Lammas  ;  from  1849  to  1852  inclusive,  it  was  the  Red  Cluster,  and 

that  time  the  linstock 
cnni[»)sitii>ii  nf  t In-  produce, 
"/' acli  ^ejurafr  doci  ipt  i«»n. 


.  The  variations,  according  to  season, both  in  the  character?* 
x>duce,anN  however.  \«tv  marked  within  the  period  of  gi^* 
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edly  distinguish  the  crop  as  favourably  developed,  we  have 
leral  tendency  to  a  high  percentage  of  dry  substance,  and  to 
percentage  both  of  mineral  matter,  and  of  nitrogen,  in  that 
ibstance.  This  generalization  is  more  especially  applicable 
9  grain ;  but  with  some  exceptions,  mostly  explicable  on  a 
ed  consideration  of  the  circumstances  and  degree  of  its  deve- 
st, it  applies  to  a  great  extent  to  the  straw  also. 
3t  us  take  in  illustration  the  axtreme  cases  in  the  Table.  The 
is  of  1846,  1849,  and  1851,  with  in  the  cases  of  the  twc 
large  produce  also,  give  us  the  best  proportion  of  grain  in 
produce,  more  than  the  average  proportion  of  dressed  grain  in 
grain,  and  the  highest  weight  per  bushel — a  very  significant 
cter.  With  this  cumulative  evidence  as  to  the  relatively 
rable  development  and  maturation  of  these  crops,  we  find  the 
in  two  of  the  cases,  to  be  among  the  highest  in  percentage 
y  matter;  and  in  the  third  (1849),  though  not  so  high  as  we 
d  have  expected,  it  is  still  above  the  average.  The  per- 
ges  of  mineral  matter  and  of  nitrogen  in  the  dry  substance  of 
rain,  are  at  the  same  time,  in  these  three  cases,  the  lowest  in 
aeries.  The  seasons  of  1850  and  1854  again,  with  large 
nts  of  produce,  yielded  also  very  fairly  developed  grain ;  and 
idently  they  afford  a  high  percentage  of  dry  substance,  and 

*  percentages  both  of  mineral  matter,  and  of  nitrogen,  in  that 
rabstance,  than  the  cases  of  obviously  inferior  maturation. 

some  exceptions,  it  will  be  seen,  that  the  straws  also  of  these 
setter  years,  give  a  tendency  to  low  percentages  both  of  mineral 
*r  and  of  nitrogen  in  their  dry  substance, 
urning  now  to  the  converse  aspect,  the  season  of  1853,  shows 

in  the  general  characters  of  the  produce,  to  have  been  in 

*  respect  the  least  favourable  to  the  crop ;  and  it  should  be 
1  that  in  this  instance  (as  well  as  in  1845  to  which  we  shall 
refer),  the  seed  was  not  sown  until  the  spring.  In  1853  the 
ice  of  grain  was  small  as  well  as  very  bad  in  quality ;  and 
these  characters,  we  have  in  the  grain  nearly  the  lowest  per- 
ge  of  dry  matter,  and  the  highest  percentage  of  ash  and  of 
gen  in  that  dry  matter.  In  the  straw,  too,  the  dry  matter  is 
the  ash  somewhat  high,  and  the  nitrogen  much  the  highest 
e  series.  In  1845,  another  year  of  spring-sowing,  and  at  the 
>  time  of  very  bad  quality  of  produce,  we  have  nevertheless  a 
5  amount  of  growth ;  a  fact  which  tends  to  explain  some  of  the 
rences  in  composition  as  compared  with  1853. 
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gives  us  low  percentage  of  dry  matter,  but  not  very  high,  either 
ash  or  nitrogen,  in  the  grain.  The  straw,  however,  gives  high  per- 
centages both  of  ash  and  of  nitrogen  ;  it  being  in  the  latter  point 
next  in  order  to  1853.  The  seasons  of  18  ±8  and  1852  again  show 
low  characters  of  produce.  The  former  has  coincidently  the 
lowest  percentage  of  dry  matter  in  the  grain  in  the  series;  and 
both  have  high  percentage  of  ash  and  nitrogen  in  the  dry  sub- 
stance of  the  grain.  In  the  strays',  the  ash  is  in  1848  the  highest, 
and  in  16~>2  above  the  average;  the  nitrogen  in  dry  matter  of 
straw  being  however  in  neither  instance  high. 

In  several  of  the  cases  here  cited,  there  are  deviations  from  our 
general  assumption  on  one  point  or  other.    But  an  examination 
in  greater  detail,  would  in  most  or  all  of  them  clear  up  the  appa- 
rent discrepancy.    When  indeed,  we  bear  in  mind  how  infinitely 
varied  was  ihe  mutual  adaptation  of  climatic  circumstances  to 
stage  of  growth  of  the  plant,  in  almost  every  case,  it  would  indeed 
be  anomalous,  did  we  not  find  a  corresponding  variation  on  son*6 
point  or  other,  in  the  characters  or  composition  of  the  crop.  StilV 
we  have  the  fact  broadly  marked,  that  within  the  range  of  our  o*T 
locality  and  climate,  high  maturation  of  the  wheat  crop  is,  otbe 
things  being  equal,  generally  associated  with  a  high  percentage  0 
dry  substance,  and  a  low  percentage  of  both  mineral  and  nitre 
genous  constituents.    Were  we,  however,  extending  the  period  < 
our  review,  and  going  into  detail  as  to  varying  climatic  circuit 
stances,  interesting  exceptions  could  be  pointed  out. 

It  may  be  observed  in  passing,  that  owing  to  the  general  rd* 
tionships  of  the  amounts  of  grain  to  straw,  and  the  generally  co*1 
cident  variations  in  the  percentages  of  nitrogen  in  each, 
tendency  of  all  these  variations  is  in  a  degree  so  to  neutralize 
other,  jis  to  give  a  comparatively  limited  range  of  difference  in  *^ 
figures,  representing  for  each  year,  the  percentage  of  nitrogen  1 
the  dry  substance  of  the  total  produce — grain  and  straw  togetb^r 

The  tendency  of  maturation,  to  reduce  the  percentages 
mineral  matter,  and  frequently  of  nitrogen  also,  is  not  observ**^3 
in  corn  crops  alone.  We  have  fully  illustrated  it  in  the  case  of  ^ 
t  uruip  ;  and  our  unpublished  evidence  in  regard  to  some  ofcl* 
crops,  goes  in  the  same  direction.  The  fact  is  indeed  very  import^ 
to  bear  in  mind  ;  for  it  constitutes  an  important  item  in  our  st*** 
of  the  variations  which  are  found  to  exist  in  the  composition  b° 
of  the  organic  substance,  and  of  the  ash,  of  one  and  the  same  cC** 
jrwwn  under  different  circumstances.  We  may  particularly  obee*-** 
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that  the  obvious  reduction  in  the  percentage  of  nitrogen  in  wheat- 
grain,  the  more,  within  certain  climatic  limits,  the  seed  is  perfected, 
is  in  itself  a  fact  of  the  highest  interest ;  and  it  is  the  more  so, 
when  we  consider  how  exceedingly  dependent  for  full  growth,  is 
this  crop  upon  a  liberal  supply  of  available  nitrogen  within  the 
soil. 

Bearing  in  mind,  then,  the  general  points  of  relationship  which 
have  been  established  between  the  characters  of  the  crop  as  to 
development  and  maturation  on  the  one  hand,  and  the  percentage 
amounts  of  certain  constituents  on  the  other,  let  us  now  see — what 
is  the  general  influence  of  characteristic  constituents  of  manure, 
upon  the  characters  and  composition  of  our  wheat  crop,  which  is 
allowed  to  remain  on  the  land  until  the  plant  has  fulfilled  its 
highest  function — namely,  that  of  producing  a  ripened  seed  ? 

In  illustration  of  this  point  we  have  arranged  in  Table  III,  the 
same  particulars  as  to  general  character  of  the  crop,  and  as  to  the 
composition  0f  the  produce,  from  several  individual  plots  during 
-the  ten  years ;  instead  of  the  average  of  the  series  in  each  year,  as 
in  Table  I.    The  cases  selected  for  the  comparison  are  : — 

1.  A  continuously  unmanured  plot; 

2.  A  plot  having  an  excess  of  ammonia-salts  alone  every 
year; 

3.  The  average  of  several  plots,  each  having  the  same  amount  of 
ammonia-salts  as  the  plot  just  mentioned,  but  with  it,  a 
more  or  less  perfect  provision  by  manure,  of  the  mineral  con- 
stituents also. 

It  would  be  impossible  to  give  the  detail  supplying  all  the 
^snlte  collected  in  this  Table  III ;  but  perhaps  it  is  only  proper 
^kat;  we  should  do  so,  so  far  at  least  as  the  percentage  of  nitro- 
B^x*  in  the  dry  substance  of  the  grain  is  concerned. 
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TABLE  II. 


Determination!?  of  Nitrogen  per  Cent,  in  the  Dry  Matter  of 
Wheat  Grain  grown  at  Rothamsted. 


Experiments. 

Harvests. 

1      !      2      |      3      ■      4  5 

1 

Meal  1 

Unman  ured. 


1815   

228 

!  221 

233 

230 

22^- 

18*6   

2  11 

|  212 

2'i& 

1H17   

2  11 

1  208 

222 

222 

1848   

2-33 

2-34 

232 

2-37 

lSlil   

1-85 

183 

1  91 

1850   

207 

210 

207     !  ... 

is;,i   

1  80 

,  ™ 

1-89 

176 

i*cr» 

1*52   

231 

223 

2-38 

231 

2-3  * 

18;,:}   

2-26 

233 

2-38 

23^ 

18i4   

206 

206 

1-98 

1-96 

Manured  with  Ammonia-Salts  only. 


181")   

2-18 

229 

2*22 

:    2  23 

1846   

218 

i  212 

2-29 

219 

1847   

2  35 

229 

242 

i  2-32 

1848   

239 

241 

239 

:  249 

1*49   

189 

204 

!  1*92 

l  s;,o   

213 

2  08 

219 

1851   

215 

212 

209 

2  25 

l8.-,2   

241 

2-50 

244 

1  2-58 

lSf>3   

243 

2-48 

237 

1  2-44 

1851   

231 

222 

231 

■    2-37     1  ... 

i  ' 

Manured  with  Ammonia-Salts  and  Mineral  Manure.    (Mixed  Plots.) 


1845 
1846 
1M7 
1*48 
IS  19 
1850 
1851 
1852 
1X53 
1854 


220 

214 

214 

2  34 

238 

,  240 

2-42 

2*44 

236 

,  240 

2-42 

243 

1-96 

1  97 

210 

207 

2  16 

228 

2  25 

225 

200 

1-98 

■  202 

1-92 

::: 

243 

2  34 

1  231 

2*40 

232 

230 

2  34 

i  229 

2-28 

2  16 

2*  12 

2*07 
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3cessary  to  make  a  few  remarks  in  reference  to  this  Table 
lan  one  hundred  nitrogen  determinations.  They  were 
le  method  of  burning  with  soda-lime,  and  collecting  and 
.8  platinum  salt  in  the  ordinary  way.    Few,  perhaps,  who 

made  a  limited  number  of  such  determinations,  then 
re  and  uniform  substances,  and  who  have  not  attempted 
:heir  work  at  another  period,  with  fresh  re-agents,  or  by 
f  another  operator,  will  imagine  the  range  of  variation 
d  be  expected  when  all  these  adverse  elements  are  to 

influence.  It  is  freely  granted,  that  the  variations 
he  Table  between  one  determination  and  another,  on  one 
ne  substance,  are  sometimes  more  than  could  be  desired, 
ing,  however,  are  the  circumstances  under  which  they 
obtained.  Experiments  1  and  2  were  pretty  uniformly 
le  same  operator,  but  not  all  consecutively,  or  with  the 
l  of  re-agents.  It  was  thought,  therefore,  that  inde- 
of  any  variations  between  the  two  determinations,  it 
lesirable  to  have  results  so  important  in  their  bearings, 

-  others.  Accordingly,  samples  of  each  of  the  ground 
e  given  under  arbitrary  numbers,  to  two  other  operators, 
results  are  recorded  respectively  in  columns  3  and  4; 
a  fifth  determination  is  given,  it  is  a  repetition  by  one 
'  the  experimenters  last  referred  to.  We  should  observe, 
ive  found  it  almost  impossible  to  procure  a  soda-lime 
ot  give  more  or  less  indication  of  nitrogen  when  burnt 
ganic  substance  not  containing  it ;  and  hence  we  have 
Adopted  the  plan  of  mixing  1-2  per  cent,  of  non-nitro- 
>stance  intimately  with  the  bulk  of  soda-lime,  igniting 
iffle,  moistening,  and  reheating  it  gently.  After  this 
the  soda-lime  is  free  from  ammonia-yielding  matter, 
further  be  remembered,  that  a  ground  wheat-grain  is 
ms  an  uniform  substance.  Indeed,  as  we  shall  show 
,  some  of  the  particles  of  which  such  a  powder  is  com- 
t  contain  half  as  much  again  of  nitrogen  as  others ;  and 
nefficiency  in  the  grinding,  or  error  in  taking  the  por- 
alysis,  may  materially  affect  the  result.  Notwithstand- 
se  circumstances,  and  the  admittedly  undesirable  range 
ce  in  the  several  determinations  in  some  cases,  it  will 
id,  that  generally  three  at  least  of  the  numbers  agree 

-  closely,  and  in  some  cases  the  fourth  also.  In  fact 
%  study  of  the  detailed  Table  must  give  considerable 
,  at  least  in  the  direction  of  the  variations  between  the 
Its  given  in  Table  III,  and  in  their  sufficiency  for  the 
.  founded  upon  them.  With  these  remarks  on  the  data, 
>eed  with  the  discussion  of  Table  III  itself,  which  next 
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A  glance  at  this  Table  III,  shows  that  the  quantity  of  produce 
ries  very  much  indeed  in  one  and  the  same  season,  according  to 
e  manuring.  With  these  great  differences  in  the  quantities, 
pendent  on  manuring,  we  have  far  less  marked  differences  in  the 
\ality  of  this  ripened  crop,  dependent  on  the  same  causes ;  and 
lis,  with  some  few  exceptions,  is  the  same  whether  we  look  to  the 
Jumns  indicating  the  general  characters  only,  or  the  composition 
f  the  produce.  That  is  to  say,  the  same  general  distinctions 
fctween  the  produce  of  one  season  and  another,  are  observable 
mder  the  several  varying  conditions  of  manuring  in  each,  as  have 
een  exhibited  in  the  Table  I  of  averages  alone.  In  fact,  season, 
•  climatic  variations,  are  seen  to  have  much  more  influence  than 
muring,  upon  the  character  and  composition  of  the  crop. 

"We  have  said  that,  other  things  being  equal,  the  percentage 
nitrogen  in  our  wheat-grain  was  the  lower  the  more  the  seed 
a  perfected ;  and  we  have  also  said,  that  nitrogenous  manures 
^fctly  aid  the  development  of  the  crop.  But,  an  inspection  of 
>  columns  of  Table  III  which  give  the  percentages  of  nitrogen 
"the  dry  substance  of  the  grains  produced  under  the  three 
ferent  conditions  of  manuring  specified,  shows  us  that  there  is 
xost  invariably,  a  higher  percentage  of  nitrogen  where  ammo- 
k^salts  alone  have  been  employed,  than  where  the  crop  was 
Oaanured.  We  also  see  that,  almost  invariably,  there  is  a  higher 
rcentage  of  nitrogen  where  mineral  manures  as  well  as  ammo- 
fc— salts  have  been  used,  than  in  the  produce  of  the  corre- 
^nding  unmanured  plots.  A  closer  examination  shows,  however, 
^tigh  the  indication  is  not  uniform,  that  there  is  nevertheless, 

obvious  tendency  to  a  lower  percentage  of  nitrogen,  where  the 
^xcral  constituents  also  have  been  employed,  than  where  the 
^Uionia-salts  have  been  used  alone ;  and  with  this,  there  is  on 
^  average,  a  somewhat  higher  weight  per  bushel,  indicating 
ffher  degree  of  maturation.  Then,  again,  what  are  the  circum- 
***ces  of  these  experiments,  under  which  an  increased  percentage 
^  nitrogen  in  the  fixed  substance  of  the  produce,  is  obtained  by 
Supply  of  it  in  manure  ?  The  unmanured  plot  with  its  low  per- 
&**tage  of  nitrogen  in  produce,  is  shown  by  the  field  experiments, 
a  be  greatly  exhausted  of  the  annually  available  nitrogen,  relatively 
&  the  annually  available  mineral  constituents  required  by  the 
r^eat  crop.  The  plot,  with  the  ammonia-salts  alone,  is  shown 
y  the  field  results  to  be  defective  in  the  requisite  and  available 
minerals,  relatively  to  the  available  nitrogen,  and  VSa&  excs^ 
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is  grown  under  a  relative  excess  of  the  latter.    Again,  the  plots 
with  mineral  manures  and  ammonia-salts  together,  received  so 
far  an  excess  of  the  latter,  as  to  yield,  with  the  minerals,  a  larger 
crop  than  the  average  of  the  locality  under  rotation,  and  larger 
also,  than  the  average  of  seasons  would  ripen  healthily.   It  is  then, 
under  these  artificial  and  abnormal  circumstances,  of  the  somewhat 
unnaturally  low  percentage  of  nitrogen,  from  obvious  defect  of  it  in 
relation  to  the  developing  and  maturing  capabilities  of  the  season 
on  the  one  hand,  and  the  obviously  relative  excess  of  it  on  the 
other,  that  we  got  an  increased  percentage  of  nitrogen  in  wheat- 
grain  by  the  use  of  it  in  manure.     Even  under  these  extreme 
conditions,  the  range  of  variation  by  manuring  is  very  small;  and 
there  is  nothing  in  the  evidence  that  justifies  the  opinion,  that, 
within  the  range  of  full  crops  and  healthy  maturation,  the  per- 
centage of  nitrogen  in  wheat-grain,  can  be  increased  at  pleasure  by 
the  use  of  it  in  manure.   That  very  opposite  extremes  of  condition 
of  soil- supply,  may  directly  influence  the  composition  even  of 
wheat-grain,  is  however,  illustrated  in  the  percentages  of  mineral 
matter,  as  well  as  those  of  nitrogen,  given  in  the  table.  Thns^. 
taking  the  mean  results  only,  we  have  with  the  relative  excess 
mineral  constituents  on  the  unmanured  plot,  the  highest  per  cent — 
in  the  produce:  with  the  greatest  relative  defect  on  the  plot  wit^B 
ammonia-salts  only,  the  lowest  per  cent,  in  the  grain  ;  and  wit^B 
the  medium  relation  in  the  other  plots,  the  medium  per  cent,  i^^ 
the  produce.    Kxeepting,  however,  abnormal  conditions,  as  alread  ~ 
remarked,  variation  in  climatic  circumstances,  has  much  greati^ 
influence  on  the  percentage-composition  of  wheat-grain,  tha  ~i 
variation  in  manuring. 

Ler  us  now  turn  to  the  composition  of  the  (i$h  of  wheat-grair* 
Independently  of  the  defect  of  a  sufficient  number  of  publishe- 
analyses  of  wheat-grain  ash,  a  dozen  years  ago,  when  we  took  u 
the  subject,  it  was  then  generally  believed  that  the  composition  — 
of  the  ash  of  vegetable  produce,  would  vary  considerably  wit' 
the  supplies  of  the  different  constituents  in  the  soil;  it  wa^"~ 
thought  indeed,  that  according  to  the  abundance  of  their  prepencu^ 
one  base  might  substitute  another,  as  for  instance  sntfa^  jtota*^^- 
and  so  on.    About  the  same  time  that  we  undertook  a  series 
wheat -ash  analyses,  the  ashes  of  various  succulent  vegetables  wei 
also  analysed.   This  latter  investigation  led  us  to  conclude,  that  tl 
fixity  of  the  composition  of  the  ash  of  such  substances,  depende 
yrrv  much  upon  the  degree  of  T^ulvwutvon  of  the  produce:  and  /fl 
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that  some  constituents — soda  and  chlorine  for  instance — 
irred  in  much  larger  quantities  in  the  more  succulent  and 
ipe,  than  in  the  more  elaborated  specimens.  It  seemed  to  be 
fectly  consistent  with  this  experience,  to  find  in  the  ash  of  a 
lparatively  perfected  vegetable  product  like  wheat-grain,  a  con- 
arable  uniformity  of  composition — such  indeed  as  the  analyses 
?  to  be  recorded  will  indicate. 

These  analyses  were  made  ten  years  ago,  by  Mr.  Dugald 
mpbell,  and  the  late  Mr.  Ashford.  And  as,  since  that  time, 
methods  of  ash-analysis  have  in  some  points  been  improved 
>n,  it  will  be  well  to  give  an  outline  of  the  plan  then  adopted ; 
scially  as  it  is  by  a  consideration  of  the  tendencies  to  error  on 
te  points,  that  we  must  interpret  the  bearings  of  the  actual 
ires  given.  On  this  point  we  need  only  add,  that  Mr.  Camp- 
1  fully  concurs  in  the  tenor  of  our  remarks. 

Method  of  Analysis : — Three  portions  of  ash  were  taken. 

Ho.  1.  In  this  the  sand,  silica,  and  charcoal,  phosphate  of  iron, 
sphoric  acid,  lime,  and  magnesia,  were  determined.  The  ash 
dissolved  in  dilute  hydrochloric  acid,  evaporated  to  perfect 
tiess,  moistened  with  hydrochloric  acid,  boiled  with  water,  and 

insoluble  matter  collected  and  weighed,  as — sand,  silica,  and, 
^coal.  To  the  filtrate,  acetate  of  ammonia  was  added,  and 
digestion,  the  precipitate  separated,  dried,  ignited  and  weighed 
a  phosphate  of  iron.  To  the  filtrate  now  obtained,  a  solution 
i  weighed  portion  of  pure  iron  dissolved  in  nitro-hydrochloric 
I  was  added,  then  acetate  of  ammonia,  and  the  mixture 
dsted  until  the  whole  of  the  iron  was  precipitated  as  phosphate 
he  peroxide  with  excess  of  peroxide,  from  which  was  calculated 

phosphoric  acid.  From  the  solution  filtered  from  the  phos- 
te  of  iron  and  oxide  of  iron,  the  lime  was  separated  as  oxalate 

ignited  as  carbonate  ;  and  from  this  last  filtrate,  the  magnesia, 
phosphate  of  soda  and  ammonia. 

Uo.  2.  A  second  portion  of  ash  was  put  into  a  carbonic  acid 
aratus,  the  acid,  if  any,  evolved  by  means  of  nitric  acid,  and 
Vrmined  by  the  loss.  The  solution  being  filtered,  sulphuric 
I  was  separated  by  nitrate  of  baryta ;  and  afterwards  chlorine 
titrate  of  silver. 

iJo.  3.  To  a  solution  of  a  weighed  portion  of  the  ash  in 
rochloric  acid,  caustic  baryta  was  added  in  excess,  and  the 
cipitate  separated  by  filtration  ;  the  excess  of  Wry\&  TRfca  Wvsxv 
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removed  by  carbonate  of  ammonia,  and  the  filtered  soktkw 
evaporated  to  dryness,  the  residue  heated  to  redness  and  weighed  ; 
water  ail. I'd,  any  insoluble  matter  deducted,  and  tin*  rernaiiukr 
taken  as  chlorides  of  potassium  and  sodium  ;  a  solution  of  chloride 
of  platinum  was  now  added  to  separate  the  potash  ;  the  toda  being 
calculated  from  the  loss* 

It  is  now  admitted,  that  the  separation  of  phosphate  of  i. 
from  the  earthy  phosphates  by  acetate  of  ammonia  as 
described,  is  unsatisfactory ;  and  it  is  probable  the  amounts 
in  the  tables  as  phosphate  of  iron  are  too  high,  and  if  ao, 
the  difference  should  obviously  go  to  the  earthy  bases- 
similar  reason  it  is  possible  that  the  phosphoric  acid  dab 
may  be  somewhat  too  high— also  at  the  expense  of  the  earthy 
bases.  Then  again,  it  is  well  known  that  in  practice  the  process 
for  potash  and  soda,  is  one  of  some  delicacy ;  and  that  the  tendetiqr 
of  manipulative  error  is  to  give  the  soda  somewhat  too  high,  We 
conclude  upon  the  whole,  that  our  phosphoric  acid 
may  be  somewhat  high  ;  our  phosphate  of  iron  pretty  certainly 
so ;  and  probably  the  soda  also ;  the  other  bases  being,  on  1 
supposition,  given  somewhat  too  low. 

The  wheat-grain  ash -analyses,  23  in  number,  and  refe; 
the  produce  of  three  separate  seasons,  and  of  very  various  manu 
ing,  are  given  in  the  following  Tables— numbered  IV,  V  and  VI 
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the  phosphate  of  iron,  and  that  portion  of  the  matter 
insoluble,  which  may  have  been  soluble  silica — the  wh 
on  the  average,  amounting  to  a  very  few  per  cent.- 
wheat-grain  is  seen  to  consist  essentially  of  phosphai 
bases  being  potash,  magnesia,  and  lime.  The  potash 
nearly  one-third  of  the  whole  ash ;  the  magnesia  to 
than  one-third  of  the  potash ;  and  the  lime  to  about 
the  magnesia. 

If  we  now  compare  with  one  another  the  analyses 
different{  ashes  in  1844,  those  of  the  seven  in  1845,  or 
1816,  having  regard  to  the  manures  by  which  the 
grown,  it  is  impossible  to  say  that  these  have  had  an; 
well-defined  influence  upon  the  composition  of  the  ash 
Thus  we  find,  looking  at  the  Table  for  1844,  that  && 
plots  manured  with  superphosphate  of  lime,  yield 
having  no  higher  percentage  of  phosphoric  acid  than 
unmanured  plot.    Again,  where  potash  is  added  (plots 
18),  the  percentage  of  it  in  the  ash  is  not  greater  than 
of  the  cases  where  it  was  not  employed.    And  again, 
case  where  soda  was  employed  (plot  16),  there  is  none 
in  the  ash ;  nor,  lastly,  is  the  percentage  of  magnes: 
increased  by  the  use  of  it  in  manure.    A  similar  det 
deration  of  the  composition  of  the  ashes  of  the  seas< 
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tbow  the  difference  in  composition,  if  any,  dependent  on  manure, 
yet>  it  is  found  to  be  quite  adequate  to  indicate  the  marked  diffe- 
rences in  the  degree  of  development  and  maturation  of  the  grains, 
dependent  upon  season.    Before  calling  attention  to  the  figures 
illustrating  this  point,  it  should  be  remarked  that  the  season  of 
1845  was  the  worst  but  one,  and  that  of  1846  nearly  the  best,  for 
ripening  the  grain,  during  the  thirteen  years  of  our  continuous 
growth  of  wheat.    And  we  shall  find,  consistently  with  this,  and 
with  the  conclusions  arrived  at  in  connection  with  Tables  I  and 
IU,  that  the  variation  in  the  composition  of  the  ash  is,  comparing 
one  year  with  another,  much  the  greatest  in  the  produce  of  the 
t     bad  ripening  season  1845,  and  much  the  least  in  the  good  ripening 
I    season  1846.    This  point,  and  some  others,  are  illustrated  in  the 
following  Summary  Table,  No.  VII. 
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booking  at  the  first  Division  of  this  Table  VII,  it  is  seen  that 
ie  item  of  phosphoric  acid,  the  variation  in  the  percentage 
ag  the  several  cases  in  each  year,  is  the  greatest  in  1845,  and 
least  in  1846;  in  the  phospluite  of  iron,  it  is  the  greatest  in 
>;  in  the  potash,  it  is  the  greatest  in  1845,  much  less  and 
it  equal,  in  1844  and  1846  ;  in  the  soda,  it  is  much  the 
test  in  1845,  and  much  the  least  in  1846 ;  in  the  magnesia,  it 
pin  far  the  greatest  in  1845,  and  it  is  the  least  in  1846.  In 
»8e  of  the  lime,  we  have  an  exception  to  this  general  indica- 
,  dependent  on  the  too  low  amounts  of  it  given  for  Nos.  2 
3,  1846  ;  but  if  these  are  really  in  error  in  the  direction 
jested  at  the  foot  of  Table  VI,  the  indication  would  be  the 
e  as  for  the  other  constituents.  We  have  then  in  the  circum- 
ce8  of  the  seasons,  and  in  the  comparative  characters  of  the 
luce  coincident  with  these  variations,  the  evidence  that  for 
and  the  same  description  of  grain,  in  a  perfectly  matured 
lition,  the  composition  of  the  ash  will  be,  within  certain 
w  limits,  constant. 

So  far  as  the  constituents  of  the  ash  of  the  entire  grain  of  wheat 
oncerned,  we  have  only  further  to  call  attention  to  the  three 
or  Divisions  of  this  Summary  Table  No.  VII.  In  these  are 
wi,  side  by  side 

In  the  second  Division  of  the  Table,  the  mean  composition  of 
ashes  for  each  of  the  three  separate  years ; 
In  the  third  Division,  the  mean  composition  for  the  three  years 
rther  :  (a)  of  the  grain-ash  from  the  unmanured  plot — (b)  of 
i  from  the  farm-yard  manured  plot — (c)  of  the  grain-ashes 
i  all  the  other  manures  during  the  three  years,  including  17 
fl;  and 

In  the  fourth  and  last  Division,  the  mean  composition  of  all 
own  wheat  grain-ashes  analyzed,  23  in  number,  by  the  side  of 
mean  of  26  analyses  of  the  grain-ashes  of  wheat,  of  different 
sriptions  or  grown  in  different  localities,  published  by  Mr.  Way. 
We  will  go  into  very  little  detail  discussions  of  these  mean 
llts,  as  the  points  they  illustrate  have  most  of  them  already 
n  alluded  to.  We  may  first  remark,  as  a  point  to  which  we 
U  recur  further  on,  that  the  mean  percentage  of  lime,  is  the 
*t  in  the  bad  year  1845,  and  the  greatest  in  the  good  year  1846. 
ain,  it  is  greater  in  the  average  from  the  manured  plots,  than 
that  from  the  unmanured.  We  may  perhaps  here  anticipate 
saying,  that  this  is  at  any  rate  consistent  mt\i  ^wWi 
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afterwards  have  to  record,  namely,  that  the  ash  of  tlie  finer  flour 
— of  which  there  is  a  greater  proportion  in  the  grain  of  the 
seasons  of  best  maturation — contains  more  lime  than  that  of  the 
courser  and  more  branny  portions  of  the  grain. 

Lastly,  in  reference  to  this  Summary  Table,  we  would  call 
attention  to  the  mean  composition  of  wheat  grain-ash  yielded  by 
the  26  analyses  given  by  Mr.  Way,  by  the  side  of  that  of  the  23 
specimens  grown  at  Eothamsted.    Mr.  Way's  analyses,  equally 
with  our  own,  show  that  wrheat  grain-ash  essentially  consists  of 
phosphates  of  potash,  magnesia,  and  lime.     He,  however,  if  we 
exclude  silica,  gives  higher  percentages  of  base,  and  a  lower  one  of 
acid,  than  our  own  anaylses  indicate.    Mr.  Way's  average  amount 
of  phosphoric  acid  is  indeed  nearly  5  per  cent,  less  in  the  ash  t? 
ours.    His  series,  however,  included  many  descriptions  of  wheat:, 
and  our  own  only  one — the  Old  Red  Lammas.    In  several  of  hi» 
cases,  too,  we  observe  that  the  percentage  of  this  acid  very  closely 
approximates  to  our  own  average. 

We  have  now  given  a  summary  view  of  some  points  oftk-* 
composition  of  the  entire  wheat-grain,  and  of  its  ash,  as  affected 
by  varying  season,  and  various  manuring.  We  next  turn  to  aJ* 
equally  summary  statement,  of  a  large  number  of  experiments 
made  in  reference  to  the  yield,  and  composition,  of  the  vario»; 
products  separated  in  the  milling  process.  The  grains  operate^ 
upon  with  this  view,  were  of  the  same  description  of  wheat,  hi*1 
grown  experimentally  in  different  seasons,  and  under  different1 
conditions  of  manuring. 

There  have  been  many  observations  recorded  as  to  the  percent" 
age  of  flour  obtained  in  practice  from  100  parts  of  grain,  and  in  ^ 
subsequent  Table  some  of  these  will  be  adduced.    We  are  al^- 
indebted  to  M.  Boussingault  for  the  determination  of  the Hot** 
and  of  the  bran,  yielded  by  24  different  descriptions  of  wheat, 
grown  side  by  side  in  the  Jardin  des  Plantes  at  Paris. 
method  was  to  powder  the  grains  in  a  mortar,  and  separate  tbe 
flour  and  bran  by  means  of  a  silken  sieve.    Results  of  this 
can,  perhaps,  scarcely  be  compared  with  those  of  the  ordinary 
mill.    The  differences  exhibited  between  the  different  specim**15 
were  indeed  very  great ;  but  the  comparisons  afforded  within 
f-erics  itself  are  interesting  and  very  curious. 

In  our  own  experiments,  the  so-called  Colonist's  steel  hani^11^ 
was  lir*t  had  recourse  lo    as  it  y?aa  thought  that  by  its  use,  rath^ 
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in  that  of  an  ordinary  flour-mill,  much  smaller  quantities  of 
dn  might  be  submitted  to  experiment,  and  that  uniformity  of 
rking  would  also  be  more  within  our  control.  It  was  soon 
ind,  however,  that  in  all  cases  the  grain  was,  in  this  6teel-mill, 
her  cut  up  than  crushed  and  rubbed  down,  as  between  ordinary 
ll-stones.  It  was  also  found,  that  the  action  in  this  respect 
ried  considerably  according  to  the  speed  of  the  operator,  and  to 
a  precise  set  of  the  mill,  which  required  to  be  varied  according 
the  character  of  the  grain.  From  these  causes  a  statement  of 
e  amount  of  tlie  yield,  of  the  various  products  obtained  from  the 
fcel  hand-mill,  would  be  of  little  value.  Though  further  on  we 
toll  have  to  call  attention  to  some  interesting  points  connected 
ith  the  comparative  composition  of  the  several  products  of  the 
sins  mechanically  separated  in  this  way. 

We  next  determined  to  submit  a  series  of  the  experimentally 
wn  grains  to  careful,  and  as  far  as  possible,  uniform  treatment 
^een  the  stones,  and  in  the  dressing  apparatus,  of  an  ordinary 
x--mill.  The  mill  in  question  was  worked  by  water-power, 
tn  125  to  250  lbs.  of  the  several  grains  were  submitted  to  the 
^riment ;  the  whole  of  the  apparatus  being  carefully  cleared  of 
products  of  one  specimen  before  another  was  commenced 
"O.   The  weights  and  samples  of  the  "mmk"  as  furnished  by 

stones,  and  of  the  several  products  separated  in  the  dressing- 
-Xiine,  were  taken  under  our  own  personal  superintendence. 
-Xi  here,  and  although  every  possible  precaution  was  taken, 
Biderable  irregularities  in  the  action  of  the  apparatus  were 
txifest,  depending  partly  on  the  varying  characters  of  the  grain, 
l^ed  it  was  clear,  that  to  obtain  results  as  to  comparative  yield 
^our,  strictly  referable  to  the  practical  qualities  of  the  respective 
ins,  it  would  be  necessary  to  operate  on  much  larger  quantities 
^ach  than  those  even  now  taken,  in  order  that  the  miller  might 
^^-adjust  the  set  of  his  stones,  as  the  work  proceeded,  according 
khe  character  of  the  grain  and  of  the  meal  which  it  afforded,  as 
5>et  from  each  its  largest  yield,  as  he  would  do  in  working  upon 
t&iderable  quantities.  In  all,  twenty-eight  lots  of  grain  were 
*i*ated  upon  in  this  way ;  and  although,  as  above  implied,  and 
Will  be  pointed  out  further  on,  the  results  might  in  some  points 
been  somewhat  different  with  larger  quantities,  yet  the 
Her,  after  a  careful  examination  of  all  the  products,  decided 
their  general  bearings  were  to  be  fully  trusted. 
In  some  cases  the  meal  obtained  from  the  stones 
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in  the  dressing  apparatus  into  nine  products,  and  in  others  tie 
products  of  the  first  three  wires  were  taken  together,  constituting 
the  bulk  of  the  fine  flour  obtainable,  and  amounting  to  only  about 
70  per  cent,  of  the  grain.  In  practice,  however,  the  fourth 
product  of  the  dressing  machine,  "  Tails*9  is  generally  redressed, 
and  the  fifth,  44  Fine  Sharps "  or  "  Middlings/9  reground  and 
redressed,  together  raising  the  amount  of  good  bread-flour  to 
about  80  per  cent.,  or  sometimes  more.  The  sixth  product  is 
called  "  Coarse  Sharps;"  the  seventh,  "Fine  Pollard;"  the  eighth, 
"  Coarse  Pollard ; "  and  the  ninth, "  Long  Bran.19  It  should  be  stated, 
however,  that  mills  vary  very  much  in  the  arrangement  of  their 
dressing  machines  in  different  localities,  and  even  in  the  same 
locality  ;  so  that  the  exact  division  of  the  products  here  given, 
will  not  apply  invariably. 

In  Table  VIII  are  given — 

1st.  In  the  upper  division  of  the  Table,  the  percentage  yield  in. 
100  meal,  of  each  of  the  mill  products,  7  or  9,  as  the  case  may  be  ; 
each  figure  being  the  mean  of  several  experiments. 

2nd.  (In  the  middle  division  of  the  Table) — The  mean  per  cent, 
of  dry  substance  (at  212°),  in  each  flour,  bran,  &c.  And, 

3rd.  The  mean  per  cent,  of  mineral  matter  (ash),  in  eachoftba 
same  mill  products. 

As  will  be  seen,  seven  of  the  specimens  were  grown  in  1846f 
nineteen  in  18 47,  and  two  in  1848;  and  in  order  to  give  so**16 
idea  of  the  general  character  of  the  produce  yielding  the  result*  m 
each  of  the  separate  columns,  there  is  given  at  the  head  the  mG»n 
bushels  per  acre,  the  mean  weight  per  bushel,  and  the  mean  per 
cent,  of  grain  in  total  produce,  of  the  specimens  to  which  the  co\ti°* 
refers. 
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the  yield  of  the  different  Mill  Products  from  100  of  Grain ;  and  their 
Percentages  of  Dry  Substance  and  Mineral  Matter. 
Mean  Results. 
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After  the  remarks  already  made,  little  need  be  said  in  detail 
regarding  the  comparative  yield  of  the  various  products  by  100 
parts  of  t  ho  different  meals.  It  was  decided  by  the  miller,  that 
pretty  uniformly  there,  was  too  much  flour  left  in  the  fourth,  but 
particularly  in  the  fifth  product;  and  this,  as  an  inspection  of  the 
Table  will  show,  was  obviated  in  the  later  experiments,  namely, 
those  on  the  grain  of  the  harvest  1848.  So  far,  then,  the  variation 
of  the  result  is  more  due  to  the  management  of  the  miller,  than  to 
the  intrinsic  character  of  the  grain. 

It  is  more  interesting  to  observe,  that  a  very  careful  examination 
of  all  the  products  led  to  the  conclusion,  that  the  grains  grown  by 
the  more  nitrogenous  manuring,  and  consequently  in  the  larger- 
crops,  ju'orirffd  tkt'.y  were  veil  developed-  and  matured  *  allowed  a  bettcxr" 
scparat  ion  of  the  Hour,  and  less  cutting  up  and  intermixture  of  hranny 
particles  with  it  ;  and  hence,  yielded  a  cleaner  bran  than  the  graw-"* 
of  the  pooier  crops.    This  was  not  the  case,  however,  unless  th 
highly -manured  crops  were  at  the  same  time  well  developed.  £- 
is  consistent  with  this  character  of  the  grain  of  the  more  highly 
manured  crops,  that  the  produce  of  the  heavier  and  richer  wheat  — 
lands  is  generally  admitted  to  yield  a  larger  proportion  of  float" - 
The  fact  that   the  grain  of  richly-manured  crops  is  frequently 
coarse,  and  nut  the  good  miller's  sample,  arises  from  the  circuits-" 
stance,  not  of  the  direct  effect  of  rich  manuring  in  depreciating 
the  quality  of  the  grain,  but  because  the  larger  crops  aremor^ 
subject  to  injury  due  to  climatic  circumstances,  and  are  cons^-" 
quently  frequently  less  favourably  developed  and  matured. 

It  will  be  observed,  that  the  amount  of  long  bran  is  always  raor* 
than  '2,  and  in  the  year  of  badly-ripened  grain  (1848),  it  is  neatly 
<)  per  cent,  of  the  total  meal.    This  ninth  product,  together  tfitk 
the  three  or  four  immediately  before  it  in  the  list,  yield  us  nearly 
20  p<T  cent,  of  the  total  meal,  of  such  a  branny  character  83 
seldom  to  be  used  for  human  food.    Some  of  the  more  recent  exp6*" 
rimenters,  MM.  Mil  Ion  andPeligot  for  example,  have  conclude 
that  the  amount  of  actual  woody  fibre  in  wheat-grain  is  seld*^ 
more  than  from  2  to  3  per  cent.    On  this  supposition,  the  nearly 
per  cent,  of  the  grain  generally  not  applied  directly  as  human  fo*^? 
would  contain  but  a  small  proportion  of  necessarily  indigesti^6 
woody  matter  ;  and  it  would  appear  that  there  was  very  gr^*^ 
room  for  improvement  in  the  modes  of  preparation  of  the  grain  •  1 

*  It  would  nppoar  Unit,  in  a  good  ripening  season,  this  condition  is  best  sttsi***^ 

whtn  tlw  crop  is  cut  l»ef«jie  t\\c  gram  Vs  ^stfcctVf  tuge. 
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ere  desirable  to  separate  as  human  food  in  the  first  instance,  a 
er  proportion  of  its  nutritious  matters.  M.  Poggiale,  on  the 
*r  hand,  maintains  that  the  quantity  of  woody-fibre  refractory 
he  digestive  organs,  though  not  to  chemical  agents  out  of  the 
y,  is  really  very  considerable.*  But,  of  some  points  of  the 
^position  of  the  various  products,  we  shall  have  to  speak  more 
detail  presently. 

In  the  second  or  middle  division  of  Table  VIII,  we  have  the 
irage  percentage  of  dry  matter  in  the  different  products.  In 
erence  to  these  results  it  may  be  noticed,  that,  as  might  be 
)ected,  the  percentage  of  dry  matter  is  rather  higher  in  the  mill 
ducts,  than  it  was  in  the  entire  grains  which  yielded  them, 
s  is  particularly  the  case  in  regard  to  the  two  specimens  of  the 
Fest  1848,  the  mill  products  of  which  give,  on  the  average,  a 
ier  per  cent,  of  dry  matter  than  the  samples  of  either  of  the 
*r  two  years,  although  the  dry  matter  of  the  entire  grain  of 
5  season  (1848),  was  very  low.  The  differences  are  therefore 
iously  more  due  to  the  circumstances  of  preservation  and  after- 
•tment,  than  to  distinctions  in  the  character  of  the  respective 
Ltis.  The  only  other  remark  which  need  be  made  regarding 
varying  percentages  of  dry  matter,  is,  that  the  branny,  or  more 
srnal  portions  of  the  grain,  have  pretty  uniformly  a  higher 
Rentage  of  dry  matter  than  the  more  farinal  internal  portions. 
The  widely  differing  percentages  of  mineral  matter  in  the  several 
l-products  of  the  same  grain,  and  the  variations  in  this  respect, 
a  between  the  corresponding  products  in  the  different  speci- 
18,  in  the  same,  or  in  different  seasons,  are  both  more  striking, 
i  of  greater  interest. 

It  is  seen,  that  we  have  about  ten  times  as  high  a  percentage  of 
in  the  ninth  product,  or  bran,  as  in  the  first  three,  or  purer 
rs.  The  percentage  increases  rapidly  from  the  fourth  to  the 
th — that  is  to  say,  the  greater  the  proportion  of  branny  par- 
se. A  careful  examination  of  the  more  detailed  Tables  also 
•ved,  that  the  variations  in  the  percentage  of  mineral  matter  in 
corresponding  products  of  different  specimens  of  grain,  had 
irect  relation  to  the  percentage,  or  relative  position  of  the 
>ective  products,  in  the  100  of  meal;  in  other  words,  to  the 

ttnce  the  above  was  written,  a  very  favourable  report  has  appeared  in  the  'Comptes 
io8H  (January  12, 1857),  by  MM.  Dumas,  Pelouze,  Payen,  Peligot,  and  Chevreul 
*  Commission  appointed  by  the  Academy  of  Sciences,  to  inquire  into  the  matter 
i  a  new  process  of  M.  Mege  Mouries,  which  claims  to  yield  a  perfectly  wVv\Va% 
lesome,  and  agreeable  bread,  employing  86—88  per  cent,  ol      ect\Yt«  ^grafccu 
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proportions  of  flour  or  of  bran  which  they  respectively  contained. 
Although,  however,  the  percentage  of  mineral  matter  is  so  very 
much  greater  in  those  portions  of  the  grain  which  are  not  gene- 
rally used  in  the  first  instance  as  human  food,  yet,  an  inspection 
of  the  last  column  of  the  Table,  showing  the  distributioii  of  the 
mineral  matter  in  the  several  products  of  100  of  meal,  according 
to  the  amount  of  each  of  these,  will  show  that,  even  in  our  first 
three  products,  we  have  nearly  one-third  of  the  whole  mineral 
matter  of  the  grain  ;  and  adding  to  these  a  certain  portion  of  that 
in  the  fourth  and  fifth  products,  which  frequently  contribute  to 
the  bread-flour,  we  shall  have  more  than  one-third  of  it  in  the 
currently  edible  portion  of  the  grain.  Further  information  as  to 
the  composition  of  the  respective  mill-products,  and  of  their  ashes, 
will  be  found  in  Tables  IX,  X,  XI,  and  XII. 

In  Table  IX  are  given  the  individual  nitrogen  determinations 
in  each  of  the  several  mill-products;  those  in  the  first  three 
columns  being  by  one  experimenter,  and  those  in  the  fourth 
column  by  another.  In  Table  X  is  given  a  collective  view  of  the 
composition  of  the  same  products,  in  regard  to  some  other  consti- 
tuents, as  far  as  they  have  been  determined ;  including  also  th» 
mean  results  of  Table  IX. 

TABLE  IX. 


Determinations  of  Nitrogen  per  Cent,  in  Mill  Products  of 
Wheat-Grain. 

Harvest  1846;  ground  1848. 


Description  of  Mill  Products. 
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Distribution  of  Constituents  in  Mill  Products 
of  100  Grain. 
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The  grain  to  which  Tables IX  and  X  refer,  was  an  equal  mixture 
of  the  produce  from  four  different  plots,  very  variously  manured, 
and  <rr«'\vn  in  the  season  1815-6;  the  harvest  of  which  yielded  one 
of  the  l»c>: -matured  grains  throughout  our  series  of  field  experi- 
ments. The  wheat  in  question  was,  however,  not  ground  until 
1^16;  and  we  have  in  the  percentage-yield  of  the  reflective  pro- 
d  lets,  confirmation  of  the  general  opinion,  that  other  things  being 
c<|ui],  old  win -at  yields  up  its  flour  better  than  new.  Thus,  whi'st 
in  the  average  of  the  cases  already  recorded,  we  have  little  more- 
than  7"  ]"T  cent,  of  Hour  through  the  first  three  wires,  we  have* 
from  this  old  wheat  77}  per  cent.  The  products  1  and  5,  from 
which  a  further  yield  of  bread-flour  is  obtained,  were  correspond- 
ingly small  ;  but  Xos.  8  and  9  were,  on  the  other  hand,  somewhat: 
large 

The  j  articulars  given  in  Table  X  are  the  percentages  of  Dr*j 
Mi'f'-r.  of  Ash,  and  of  Xitr&jen*  in  the  respective  mill-products  of 
this  mixed  grain.  There  are  also  given  the  percentages  of  J/ii/hv 
nt.«A"l>}''  ni  A>-i'K  and  of  phosphoric  a-cid  in  each  of  the  nine  ashes: 
and  in  the  last  four  columns  we  have  the  distribution  of  the  total 
mineral  matter,  of  the  nitrogen,  and  also  of  the  insoluble  matter, 
and  phosphoric  acid  of  the  ash,  in  each  of  the  nine  products 
according  to  the  proportion  of  the  latter  in  100  of  the  grain  or 
meal. 

The  percentage  of  Dry  Matter  in  the  several  products  from  this 
old  grain  is,  as  would  bo  expected,  somewhat  higher  than  the 
average  from  the  grains  of  the  same  year  which  had  not  becn?o 
long  stored.  As  before,  the  percentage  of  Dry  Matter  sho*s  a 
tendency  to  increase  as  we  proceed  to  the  outer  portions  of  the 
grain.  The  percentages  of  ash  also  show  the  same  relations  a8 
already  pointed  out. 

Keferring  to  the  column  of  the  percentage  of  nitrogen  in  each 
of  the  nine  separated  products,  we  find  that  it  is  lowest  in  the 
products  at  the  head  of  the  dressing  machine — that  is,  in  the 
i lours  ;  and  it  is  half  as  high  again  in  the  more  branny  portions- 
It  is  seen,  however,  to  be  the  highest  of  all  in  the  product  No.  °i 
and  somewhat  lower  in  the  coarser  brans.  It  may  be  remark^ 
that  the  indications  of  the  figures  in  this  respect  are  at  any  rate 
consistent  with  such  observations  as  have  been  recorded  regarding 
the  structural  composition  of  wheat-grain;  it  being  stated  that 
the  great*  st  concentration  of  nitrogenous  compounds  is  iio&*m 
diatcly  J/eJow  the  pericarp  itself;  and  we  should  expect  that  the 
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>r  bran  would  have  less  of  the  more  internal  matters  adherent 

he  higher  percentage  of  nitrogen  in  bran  than  in  fine  flour, 
requently  led  to  the  recommendation  of  the  coarser  breads  as 

nutritious  than  the  finer.  We  have  already  seen  that  the 
branny  portions  of  the  grain,  also  contain  a  much  larger 
mtage  of  mineral  matter.  And  further,  it  is  in  the  bran  that 
irgest  proportion  of  fatty  matter — the  non-nitrogenous  sub- 
je  of  highest  respiratory  capacity  which  the  wheat  contains — is 
i.    It  is,  however,  we  think,  very  questionable  whether,  upon 

data  alone,  a  valid  opinion  can  be  formed  of  the  comparative 
?s  as  food,  of  bread  made  from  the  finer  or  coarser  flours  from 
ind  the  same  grain.  The  published  evidence  at  commaud  leads 
be  conclusion,  that  of  the  nitrogenous  constituents  of  bran,  a 
h  larger  proportion  is  soluble  in  water,  than  of  those  in  the 
r  flours.  That  is  to  say,  there  is  in  the  bran,  probably,  a  larger 
portion  of  the  more  universal  vegetable  compound,  albumin, 

less  of  those  more  special  to  the  grain  of  wheat ;  and  hence  we 
r  perhaps  conclude,  that  it  exists  in  a  less  elaborated,  and 
bably,  therefore,  less  assimilable  condition.*  It  is  stated,  on 
other  hand,  by  Poggiale,  that  a  large  proportion  of  the  insoluble 
"ogenous  constituents  of  bran,  occurs  in  a  form  only  in  an 
>rior  degree  digestible.  Again,  it  is  an  indisputable  fact,  that 
any  particles,  when  admitted  into  the  flour  in  the  degree  of 
Perfect  division  in  which  our  ordinary  milling  processes  leave 
to,  very  considerably  increase  the  peristaltic  action ;  and  hence 
alimentary  canal  is  cleared  much  more  rapidly  of  its  contents, 
is  also  well  known,  that  the  poorer  classes  almost  invariably 
fer  the  whiter  bread ;  and  among  some  of  them  who  work  the 
lest,  and  who  consequently  would  soonest  appreciate  a  diffe- 
rs in  nutritive  quality  (navvies  for  example),  it  is  distinctly 
ed,  that  their  preference  for  the  whiter  bread  is  founded  on 
feet,  that  the  browner  passes  through  them  too  rapidly  ;  con- 
lent  ly,  before  their  systems  have  extracted  from  it  as  much 
itious  matter  as  it  ought  to  yield  them. 

According  to  M.  Mege  Mourie*,  before  referred  to,  a  portion  of  the  soluble 
genous  matter  of  bran  exist*  as  a  peculiar  bod}',  Cerealine,  which  when  dis- 
ci op  from  bran  in  water  at  a  given  temperature,  effects  the  solution  of  the 
tant  starch  also.  His  process  of  extracting  from  the  bran  an  additional 
Uit  of  the  bread-material  which  the  grain  contains,  consists  in  fermenting, 
'  the  addition  of  some  glucose,  an  infusion  of  the  finer  brans,  straining  off  the 
iy  matter,  and  wring  the  fluid  in  making  up  the  dough  with  the  ftaoc  fcyot. 
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It  is  freely  granted,  that  much  useful  nutritions  matter  is,  in 
the  first  instance,  lost  as  human  food,  in  the  abandonment  of  15 
to  20  per  cent,  of  our  wheat-grain  to  the  lower  animals.  It 
should  be  remembered,  however,  that  the  amount  of  food  so 
applied,  is  by  no  means  entirely  wasted.    And  further,  we  think 
it  more  than  doubtful,  even  admitting  that  an  increased  propor- 
tion of  mineral  and  nitrogenous  constituents  would  be  an  advan- 
tage, whether,  unless  the  branny  particles  could  be  either  excluded, 
or  so  reduced  as  to  prevent  the  clearing  action  above  alluded  to, 
more  nutriment  would  not  be  lost  to  the  system  by  this  action, 
than  would  be  gained  by  the  introduction  into  the  body  coinci- 
dental!)- with  it,  of  a  larger  actual  amount  of  supposed  nutritious 
matters.    In  fact,  all  experience  tends  to  show,  that  the  ftate, 
as  well  as  the  chemical  composition  of  our  food,  must  be  consi- 
dered ;  in  other  words,  that  its  digestibility,  and  aptitude  for 
assimilation,  are  not  less  important  qualities,  than  its  ultimate 
composition.    Observation  also  tends  to  show,  that  elaboration,  or 
maturation,  have  their  influence  in  determining  the  digestibility 
or  the  assimilability  of  our  food — both  the  vegetable  and  aninial- 
But  to  this  point  we  shall  refer  again  presently. 

Returning  to  the  experimental  results  in  Table  X,  the  nert 
point  of  remark  is  as  to  the  amount  of  matter  insoluble  in  atid,  in 
the  ash  of  the  respective  mill-products.  It  is  seen,  that  the 
percentage  of  such  matter  is  very  much  greater — indeed  in  this 
particular  case,  ten  times  greater — in  the  ash  of  the  finest  flour, 
than  in  that  of  the  coarsest  bran.  It  was  at  first  thought  that 
this  must  be  an  error.  Some  repetitions  were  therefore  made,  and 
the  products  of  the  steel-hand-mill  were  also  examined;  when  it 
was  found  that  the  result  in  question  was  fully  confirmed,  ft 
would  be  interesting  to  examine  the  series,  to  determine  wto* 
proportion  of  this  insoluble  matter  is  really  proper  mineral  consti- 
tuent of  the  respective  products,  and  how  much  adventitious 
merely.  On  consideration,  it  will  however  be  clear,  that  the 
process  of  dressing  the  meal  would  tend  to  shake  and  clean  the 
bran,  from  all  adherent  matters;  which,  if  silicious,  as  well  as  the 
particles  arising  from  the  abrasion  of  the  mill  stones,  would  natu- 
rally be  found  among  the  heavier  products  at  the  head  of  th* 
machine.  That  is  to  say,  they  would  be  found  in  larger  prop0'" 
tion  in  the  flour,  whilst  the  bran,  by  the  mechanical  methods 
its  separation,  would  be  almost  entirely  freed  from  them.  Accord- 
ing to  published  analyses,  it  would  appear,  however,  thafcftf^)** 
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iguifihed  from  merely  insoluble  sandy  matter,  does  exist  to  a 
.derable,  though  variable  extent,  in  the  ash  of  entire  wheat- 
1.  And  from  the  results  now  given,  it  may  perhaps  be 
iuded,  that  this  constituent  found  to  exist  so  constantly  in 
a  animal  substances,  does  really  occur  in  larger  amount  in 
e  portions  of  wheat-grain  which  are  best  adapted  as  food  ? 
Plwsphoric  acid,  on  the  other  hand,  is  seen  to  be  in  smallest 
portion  in  the  ash  of  the  flour  at  the  head  of  the  dressing 
dune;  and  the  percentage  pretty  gradually  augments  as  we 
ceed  from  the  finer  to  the  coarser  and  more  branny  portions, 
ash  of  the  latter  being  far  the  richest  in  this  essential  acid.* 
It  may  further  be  remarked  in  reference  to  the  varying  compo- 
n  of  the  ash  of  the  different  mill-products,  that  in  several 
5S  we  have  found  the  magnesia  greatly  to  increase  as  we  pro- 

from  that  of  the  finer  to  that  of  the  coarser  products.  The 
entage  of  lime  is,  on  the  other  hand,  greatest  in  the  ash  of  the 
8,  and  less  in  that  of  the  brans.  This  latter  point  is  consistent 
a  tendency  discernible,  to  an  increase  in  the  percentage  of 

in  the  ash  of  those  grains  most  matured  in  one  and  the  same 
:>n,  or  in  the  ash  of  the  grains  grown  in  a  season  of  higher 
uring  character.  We  may  further  conclude,  from  the  great 
ease  in  the  percentages  both  of  the  phosphoric  acid,  and  of 
magnesia,  as  we  proceed  from  the  ash  of  the  flours  to  that  of 

brans,  and  also  from  the  very  slight  compensation  from  the 
rease  in  that  of  the  lime  (the  total  amount  of  lime  being 
lively  small),  that  the  chief  complementary  constituent  of 
Bat-grain  ash — namely,  potash — will  occur  in  larger  proportion 
the  ash  of  the  flours  than  in  that  of  the  brans ;  hence,  its  larger 
oont  will  be  coincident  with  the  larger  amount  of  silica. 

In  the  last  Division  of  Table  X  is  shown  the  distribution  in  the 
pective  products  from  100  of  grain,  or  its  meal— of  the  nitrogen, 
the  total  mineral  matter,  and  of  the  insoluble  substance  and 
Bphoric  acid  of  the  latter — which  the  entire  grain  contained. 

It  will  be  seen,  that  notwithstanding  the  percentage  of  nitrogen 
*o  much  greater  in  the  branny  products,  yet  owing  to  the  smaller 
Ottnt  of  these,  by  far  the  larger  proportion  of  the  total  nitrogen 
the  grain  is  accumulated  in  the  flours.    In  fact,  in  the  case 

*  Probably  a  portion  of  the  phosphoric  acid  existing  in  wheat-grain-ash  is  doe 
Utt  oxidation,  during  incineration,  of  phosphorus,  found  by  Professor  Voelcker 
**bt  in  such  large  amount,  associated  with  the  nitrogenous  bodies.  8ee  «l«o 
°ka*or  H.  Rose  on  this  subject— PoggendorfFs  Annalen,  *o\.  \xxV\.  p.  SWb. 
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before  us  about  three-fourths  of  the  nitrogen  would  be  accumu- 
lated in  those  of  the  products  which  would  be  ordinarily  used  for 
bread,  or  for  human  food  in  other  forms.    On  the  other  hand,  only 
about  two-filths  of  the  total  mineral  matter  would  be  found  with 
this  three-fourths  of  the  nitrogen.    Of  the  phosphoric  acid  again, 
the  larger  amount  is  distributed  in  the  branny  portions;  only 
about  one-third  of  it  being  obtained  in  the  bread  flours.    At  the 
foot  of  these  columns  of  the  distribution  of  the  constituents,  the 
percentage  in  the  entire  grain  or  meal  of  the  items  as  determined 
by  analysis  in  each  separate  product,  is  given  by  the  addition  of 
these  items  so  obtained ;  and  the  percentage  so  calculated  agrees 
very  closely  with  that  which  the  analysis  of  the  entire  wheat-grain 
or  its  ash  would  indicate.   Thus  we  may  mention,  that  according  to 
the  sum  of  the  phosphoric  acid  distributed  in  the  different  products, 
we  have  50  7  per  cent,  of  it  in  the  ash  of  100  of  grain  or  meal; 
whilst  the  average  percentage  obtained  in  the  analyses  of  the  six 
ashes  of  the  produce  of  the  same  season,  was  49*8,  an  approxima- 
tion sufficiently  near  to  give  some  confidence,  at  least  in  the 
relative  accuracy  of  the  numerous  analytical  results  involved  in 
such  an  estimate. 

Before  leaving  the  question  of  the  comparative  chemical  compo- 
sition of  the  different  products  obtained  by  means  of  mechanical 
separation  from  wheat-grain,  attention  may  be  called  to  some 
results  of  this  kind,  in  connection  with  the  products  of  the  Colonial 
steel-hand-mill,  which  was  first  employed  in  these  experiments. 
As  will  be  seen,  the  results  now  to  be  recorded  agree  in  general 
tendency  with  those  already  given ;  yet  they  have  some  special  and 
curious  points  of  interest.  The  individual  nitrogen  determinations 
are  given  in  Table  XI,  and  the  collected  results  of  the  examination 
of  the  various  products  in  Table  XII. 
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TABLE  XI. 


Nitrogen  per  Cent,  in  the  Products  of  Wheat-Grain,  from  the 
Colonial  Steel-hand-mill. 

(In  natural  State  of  Dryness.) 
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fc  should  be  mentioned  in  reference  to  the  working  of  the  steel- 
-mill,  that  on  passing  the  grain  through  the  apparatus,  four 
icts  were  first  obtained,  namely,  two  fine  flours,  thirds,  and 
;  the  last  two  products  of  the  first  grinding  being  mixed 
her,  were  passed  through  the  mill  a  second  time,  and  four 
icts  again  separated.  After  this  explanation,  the  designation 
be  products  in  Tables  XI  and  XII  will  be  sufficiently 
ligible. 

Vith  the  information  derived  from  the  previously  recorded 
ts,  a  glance  at  the  percentages  of  ash  in  the  several  products 
e  different  grains,  as  given  in  Table  XII,  will  show  that  the 
lied  "  bran  "  here  obtained,  retained  more  flour  than  from  tie 
lary  flour-mill.  In  fact  it  was  obviously  pretty  nearly  equi- 
it  to  the  9th,  8th,  7th,  6th,  and  part  of  the  5th  products  of 
>rdinary  mill  taken  together.  The  five  flours,  on  the  other 
,  but  especially  the  three  from  the  second  grinding,  obviously 
lined  rather  more  branny  particles  than  the  ordinary  bread- 
i  of  the  other  series  of  the  experiments.  Such,  indeed, 
the  obvious  character  from  an  inspection  of  the  various 
icts. 

onsistently  with  the  character  of  the  products  thus  defined, 
ariations  in  their  percentages^  nitrogen  are,  upon  the  whole, 
l  less  than  in  the  former  series ;  but  such  as  they  are  they  are 
curious.  Thus  in  both  instances,  though  in  a  less  marked 
>e  in  the  manured  than  in  the  unmanured  specimens,  the  first 
tct  of  the  first  grinding,  gives  a  higher  percentage  of  nitrogen 
the  second ;  that  of  the  latter  being  in  both  cases  exceedingly 
In  the  products  of  the  second  grinding,  the  tendencies  are 
parallel  in  the  two  series.  Here  again  the  first  product 
a  higher  percentage  of  nitrogen  than  the  second.  The  third 
>ut  equal  to  the  second ;  and  the  fourth,  or  bran,  is  in  both 
the  highest  of  the  six  products  in  this  respect.  Following 
ese  curious  results,  which  show  that  the  mechanical  means 
>yed  had  the  tendency,  even  within  the  limits  of  the  farinal 
of  the  grain,  to  separate  products  of  different  chemical 
cters — we  may  observe,  that  the  fluctuation  in  the  percentages 
fc,  are  in  detail  strongly  confirmatory  of  the  direction  of  the 
lions  in  the  amounts  of  nitrogen.  Thus,  whether  we  look  to 
verage  percentages  of  nitrogen  and  of  mineral  matter  respec- 
r,  as  influenced  by  season,  and  as  illustrated  in  the  Summary 
*  No.  I — or  to  the  parallel  amounts  in  the  TcS^gw 
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ducts  as  shown  in  Table  X,  we  see  that  with  a  rise  in  the 
percentage  of  nitrogen  there  is,  in  comparable  cases,  one  in  that 
of  the  mineral  matter,  and  vice  versd.  If  with  this  point  in  view, 
and  carefully  considering  the  degree  of  these  changes  as  shown  in 
our  more  detailed  Tables,  we  compare  together  the  columns  of 
nitrogen  and  of  ash,  we  find  that  the  fluctuations  in  the  latter  as 
seen  in  Table  XII,  are  perfectly  consistent  in  direction  with  those 
in  the  former.  This  is  more  particularly  observable  in  the  products 
of  the  unmanured  specimen. 

The  middle  Division  of  Table  XII,  shows  as  before,  a  rise  in  the 
percentage  of  the  phosphoric  acid  in  the  ash,  as  we  proceed  from 
the  finer  to  the  coarser  products.  The  magnesia,  too,  follows  the 
same  order,  the  ash  of  the  "  bran  "  containing  about  twice  as  much 
as  that  of  the  flours  of  the  first  grinding. 

In  the  last  column  of  the  Table  XII,  for  the  sake  of  comparison 
with  the  individual  results  in  the  former  ones,  we  have  the  mean 
percentage  of  mineral  matter  for  each  product,  of  five  lots  of 
grain  which  were  similarly  experimented  upon  in  the  steel-hand- 
mill. 

The  next  step  in  the  prosecution  of  our  inquiry  would  obviously 
have  been — to  separate  the  different  proximate  organic  compounds 
of  some  series  of  these  grains  and  their  various  mill-products — 
to  determine  the  amount  and  composition  of  the  mineral  matters 
associated  with  each — and  to  submit  the  different  grains,  and 
their  mechanically  separated  parts,  to  microscopic  examination. 
Had  this  been  accomplished,  the  results  would  probably  have  been 
of  high  interest  to  the  vegetable  physiologist ;  and  they  would 
probably  have  tended  to  throw  some  light  on  the  functional 
actions  or  special  offices,  of  the  different  mineral  constituents 
known  to  be  essential  to  the  growth  and  elaboration  of  vegetable 
products.    This  labour,  however,  from  pressure  of  other  investi- 
gations, we  have  hitherto  been  obliged  to  forego ;  though  several 
series  of  the  mill-products  themselves  (necessarily  to  a  certain  _ 
degree  artificially  dried),  and  also  of  their  respective  ashes,  have  « 
been  preserved  with  a  view  to  the  prosecution  of  the  subject^ , 
either  by  ourselves  or  others,  at  some  future  time,  as  far  as  suchscJ 
specimens  will  allow. 


A  great  many  scientific  observers  have  investigated  the  que 
tions — of  the  practical  yield  of  bread-flour  from  100  of  grain  < 
meal — of  the  produce  of  bread  from  100  of  flour— of  the  amoun< 
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Iry  substance,  of  water,  and  of  nitrogenous  compounds,  in 
d — and  of  the  changes  which  the  flour  undergoes  in  the  bread- 
ing process.  The  question  as  to  what  are  the  chemical 
ities  upon  which  depend  the  practical  estimate  of  the  miller 
the  baker,  of  the  comparative  values  of  different  flours  for  the 
K>se8  of  bread-making,  has  also  frequently  been  discussed; 
conclusion  generally  arrived  at  being,  that  it  is  the  percentage 
unt  of  nitrogen  or  of  gluten  which  rules  this  practical  estimate, 
opinion  that  the  comparative  value  to  the  consumer,  too,  is 
surable  by  the  same  standard  as  to  chemical  composition,  is 
pretty  universal.  With  regard  to  the  latter  points  we  may  at 
>  observe,  that  the  tendency  of  more  recent  investigations  is, 
east  to  modify,  the  currently  adopted  views.  That  this  was 
rable,  the  whole  course  of  our  experimental  inquiry  and  obser- 
on,  during  the  last  twelve  years,  has  led  us  to  believe  ;  and  we 
e  occasionally  treated  of  the  subject  in  some  of  its  aspects 
where. 

Without  hoping  to  settle  dogmatically,  questions  involving  too 

ly  factors  to  be  dealt  with  in  such  a  manner,  we  propose  now 

dduce  some  few  experiments  and  arguments  of  our  own,  which 
have  a  bearing  upon  some  of  those  above  enumerated ;  and 

ihall  also  provide  as  summary  a  view  as  possible,  in  a  tabular 

i,  of  such  published  results  of  others,  on  some  of  the  points 

ble  of  illustration  in  that  way. 

Tn  the  following  Table  XIII,  are  given : — 

Lst.  The  results  of  some  experiments  of  our  own,  on  the  amount 
of  bread  yielded  by  100  of  the  flour  taken  from  the  different 
parts  of  the  dressing-machine ;  in  some  cases  using  the  pro- 
ducts of  each  of  the  first  4  wires  separately,  and  in  others  (19 
in  number),  taking  the  products  1, 2,  and  3,  mixed  together. 

2ndly.  The  determinations  (at  212°  F.)  of  the  dry  substance, 
and  of  water,  in  Country,  and  in  London  bakers'  loaves. 

*«Uy.  The  recorded  results  of  others,  on — the  yield  of  flour 
from  100  of  grain— the  yield  of  bread  from  100  of  flour— and 
on  the  percentages  of  dry  substance,  and  of  water,  in  bread. 
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TABLE  XIII. 

Bread  made  Experimentally. 


Number 

Particulars  of  the  Grains. 

Floor 
from 
100 
grain. 

Bread 

In  100 

of 
Experi- 
ments. 

Harvest. 

Bushels 
per 
Acre. 

Pounds 
weight 

per 
bushel 

Percent. 

Grain  in 

Total 
Produce, 

from 
100 
Flour. 

Dry 
Sub- 
stance. 

Product  of  Wire  1  . 

6 

1846 

r 

132  9 

641 

»-* 

lhi.        do.  2... 

6 

•  and 

25* 

62  3 

88-1 

135*8 

62*5 

Do.        do.  3 

6 

.1847 

1  12-9 

186-7 

61-8 

iri 

Do.        do.  4 

4 

1847 

26* 

61-7 

35-9 

7-7 

1861 

62-6 

Total,  or  Means 

73*4 

135-2 

62-8 

Products  1,  2.  and  3, 
mixed   

19 

|  1846 ) 
'  and  ' 
I  1847  ) 

82 

62*4 

17-2 

70-8 

187-8 

614 

Baker's  Bread. 


Mean  of  4  Country  Loaves  8  hours  out  of  Oven  ... 
Wean  of  3  Loudon  Loaves  12  hours  out  of  Oven  ... 


621 
64*2 


Means 


63-0 


V  -9 

ir-o 


Recorded  Observations. 


Flour 
from  100 
Grain. 

Bread 
from  100 
Flour. 

In  100  Bre*!.- 

Dry  Sub- 
stance. 

■ 

Fereira 

1280 
1340 

Daubknt 

820 

Dumas 

i*                        *••         ...  ... 

»»              • . .         •••         ...  ... 

1280 
13<M) 
183  0 

625 

57* 

TJRE— 

Practical  Average  ... 

Paris  (in  l*3f>)  Best  Flour  ... 

80-0 

1338 
1270 

IlASSALL 

777 

Alison  and  Christison  (for  Scotch  Poor 

Law  Board) 

620 

Z  1 
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Flour 

Bread 

In  100 

Bread. 

from  100 

from  100 

Grain. 

Flour. 

Dry  Sub- 
stance. 

Water. 

— 

fcl  ... 

75-7 

1500 

560 

440 

i  ana  rrencn  nation 

VJ  u 

R1  .A 
51  O 

ULT — 

1  ... 

720 

74-0 

... 

1300 

64*6 

35*4 

bronn 

... 

... 

140-0 

571 

429 

Ration 

... 

1390 

ion... 

780 

830 

fll6 ...             ...             . . 

85*5 



800 

Ordinary 

... 

... 

640 

860 

»»            •••  •• 

... 

... 

620 

38-0 

.  Ration 

860 

... 

610 

390 

»t  ••• 

800 

... 

580 

420 

l  Cubic  Loaf 

... 

... 

600 

40*0 

n  •• 

... 

... 

520 

480 

t  

Calcd. 

Ezpt. 

136-0 

1850 

65-0 

34*98 

1370 

1370 

63-4 

36-6 

131*5 

132*0 

63*6 

36*5 

1360 

134  5 

61*8 

38*7 

loo  U 

1  QQ*A 

loo  U 

boo 

OO  1 

134-5 

1330 

65*5 

84  5 

1350 

1340 

66.0 

340 

1370 

1370 

64-9 

351 

133*0 

134*0 

wo 

39*5 

Mean 

134*8 

134*4 

63*7 

36*3 

7  

... 

... 

580 

420 

570 

430 

Nit.  Mat. 

s  First  Quality 

7-55 

1347 

64*25 

36*76 

Second  „ 

799 

6509 

34*91 

baked,  First  Quality  ... 

7-29 

131*0 

661 

339 

Second  „ 

8-71 

1330 

58  3 

41*7 

dented,  First  „ 

700 

1430 

60*6 

39*5 

,         Second  „ 

740 

686 

\ 

4V* 

-it 
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Setting  aside  the  incidental  but  much  accounted  measure  of  the 
quality  of  flour — colour,  it  may  be  said,  that  the  standard  of 
excellence  of  the  baker,  is  founded  on  the  weight  of  the  loaf,  which, 
consistently  with  proper  texture  and  lightness,  can  be  obtained 
from  a  given  weight  of  flour.   Leaving  for  the  present  the  discussion 
of  the  question  upon  what  point  or  points  of  chemical  composition, 
tln  se  properties  individually  or  collectively  depend,  we  may  observe, 
that  so  far  as  our  own  experiments  on  the  small  scale  go,  the 
quality  of  yielding  the  greatest  weight  of  bread  from  a  given 
amount  of  flour,  certainly  did  not  seem  to  attach  to  the  highest 
separated  product  of  the  dressing-machine :  which,  according  to 
the  results  recorded  in  Table  X,  would  probably  contain  slightly 
the  smallest  proportion  of  nitrogen,  and  consequently  the  largest 
amount  of  the  starch  series  of  compounds.    On  the  other  hand- 
looking  at  the  results  more  in  detail  than  they  are  given  in  thv« 
Table,  it  appears  that  the  products  of  the  grain  of  1846  gave  * 
notably  greater  weight  of  bread  than  the  corresponding  product 
of  the  more  highly  nitrogenous  grain  of  1847 — the  grain  of  tl* 
former  year  being  admittedly  a  somewhat  fuller  and  better  sampl 
than  that  of  the  latter.    Judging  then  between  the  different  pro 
ducts  of  the  same  grain,  the  experiments  showed  the  weight  <2 
bread  from  a  given  weight  of  flour  to  be  greater  as  we  proceed 
from  the  less  to  the  more  nitrogenous  products,  so  long  as  tb* 
comparison  is  made  between  the  first  three  or  fine  flours  onl^ 
The  fourth  product,  however,  containing  still  more  nitrogen,  \>t% 
probably  in  a  different  condition,  gave  a  less  proportional  weigl* 
of  bread,  notwithstanding  that  it  also  contained  a  considerable 
amount  of  branny  particles,  which  it  has  been  stated,  have  ikx 
property  of  retaining  water  by  virtue  of  their  structure  indepcf^ 
dently  of  mere  chemical  composition.    Comparing  year  with  ye^ 
on  the  other  hand,  the  separate  products  of  the  grain  of  highe^ 
weight  per  bushel,  of  lower  nitrogen,  and  admittedly  of  the  be^ 
development,  afforded  the  largest  produce  of  bread. 

Passing  from  the  experiments  on  the  individual  products  * 
those  on  the  mixture  of  the  first  three  of  them,  which  wonX 
together  constitute  a  fine  bread-flour,  we  see  that  with  this  comI*a 
nation  there  was,  on  the  average,  a  higher  yield  of  bread  th^ 
from  either  of  the  separate  products.  This  was  not  the  case  taki**J 
the  flours  of  1846  alone;  but  it  was  remarkably  so  with  tho»  ^ 
18P,  the  season  of  rather  higher  percentage  of  nitrogen ;  ani  ji 
should  he  added,  that  w\u\*t  ow  the  average  the  mixed  product*  d 
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846  represented  only  68*8  per  cent,  of  the  entire  grain,  those  of 

847  represented  71*5  per  cent.  Although,  however,  there  is 
bus  observed  a  tendency  to  increase  in  the  weight  of  bread,  the 
igher  the  percentage  of  nitrogen  within  the  range  of  the  finer 
lours,  and  especially  so  when  mixed,  yet  the  grains  and  the  flours 
°f  1846,  were  pronounced  by  an  experienced  miller,  to  be  superior 
to  those  of  1847,  and  they  would  doubtless  have  given,  on  the 
Wge  scale,  a  loaf  whiter,  lighter,  and  of  better  texture. 

In  all  these  trials  exactly  the  same  treatment  was  adopted,  but 

the  result  may  be  different  in  operating  upon  small  and  large 
folks  respectively,  the  method  followed  should  be  described. 
$  ounces  of  flour  were  taken,  and  given  weighed  quantities 
'  compressed  yeast,  and  of  salt,  were  always  employed.  Water 
f  a.  uniform  temperature  was  also  used,  and  was  worked  in  by  a 
•^ctised  hand,  until  the  dough  was  decided  to  be  of  the  proper 
n*si8tency.  The  weight  of  water  taken  up,  was  then  determined. 
^  dough  was  always  made  quite  late  in  the  evening,  and  after 
'lTlg  allowed  to  ferment  during  the  night,  it  was  put  into  a 
*k©r's  oven  early  the  following  morning.  Finally,  the  loaves 
weighed  hot  from  the  oven,  and  again  when  quite  cold, 
)f****rds  evening.  From  the  second  weight,  the  increase  upon  the 
rlginal  weight  of  flour  was  ascertained ;  and,  the  percentage  of 

substance  in  the  flours  being  previously  known,  the  percentages 
^  dry  matter  and  water  in  the  bread  were  calculated,  making  no 
U&Hrance,  however,  for  the  probably  f  per  cent,  of  dry  substance 
by  fermentation.  The  experiments  of  Mi  I  Ion  given  in  the 
^©r  part  of  the  Table  XIII,  as  well  as  the  conclusion  of  other 
^^nt  experimenters,  indeed  seem  fully  to  justify  the  assumption, 
the  loss  from  that  cause  perhaps  need  not  be  estimated  at 
ao**e  than  the  small  amount  above  supposed. 

For  the  sake  of  comparison,  and  as  a  check  to  our  own  bread- 
tt*king  experiments,  and  calculations  thereupon,  three  loaves  were 
°**ght  at  random,  at  as  many  different  bakers  in  the  city  of 
^^don,  and  four  from  as  many  in  our  own  locality  in  the  country ; 

upon  half  of  each  of  these,  first  finely  divided,  the  dry 
^tetance  was  determined  in  a  water-bath  at  212°  F.  It  will  be 
WSfc,  that  the  mean  of  our  own  experiments  with  the  separate 
Products,  gives,  by  calculation  as  above  alluded  to,  62*8  per  cent, 
fry  substance,  and  37*1  water,  in  the  bread;  and  that  with  the 
products  1,  2,  and  3  mixed,  gave  61  '4  dry  matter,  and  38  6  water. 
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The  four  country  bakers'  loaves  (in  July  1856 — probably  from 
wheat  of  1355),  gave  62*1  dry,  and  37  9  water;  and  the  three 
London  ones  6  4  2  dry,  and  35*8  water.  It  is  thus  seen,  that  oor 
own  results  from  the  various  flours  of  grain  from  two  different 
harvests,  agree  very  closely  with  those  of  the  country  bakers' 
bread  from  a  third.  They,  together,  indicate  an  average  of  37  to 
3xS  per  cent,  of  water  in  the  bread.  The  London  bakers*  loaves, 
which,  however,  had  probably  been  four  hours  longer  out  of  the  own 
than  the  country  ones,  gave  G4*2  of  dry  =  35*8  of  water.  Upon  the 
whole,  then,  these  experiments,  from  the  flours  of  three  different 
seasons,  indicate  a  probable  average  range  of  from  36  to  38  per 
cent,  of  water  in  bread;  and,  taking  an  average  of  15  per  cent, 
water  in  Hour,  and  assuming  the  loss  of  dry  matter  by  fermenta- 
tion, and  the  gain  by  fixed  saline  matter  added,  to  about  neutralize 
each  other,  this  would  be  equivalent  to,  from  132*8  to  137*1  part  =3 
bread  for  100  of  Hour. 

A  reference  to  the  recorded  results  of  others,  as  given  in  tLx** 
Table  (XIII),  will  show  that  this  average  of  36  to  38  per  cent,  o! 
water  in  bread,  agrees  very  closely  with  the  estimate  of  Dumas  ' 
with  that  of  Pay  en,  for  the  ordinary  bread  of  Paris;  with  that  of 
Houssingault,  for  Paris  bread;  with  the  mean  of  four  kinds  of 
fermented  bread  experimented  upon  by  Dr.  Maclagan;  with 
that  of- nine  by  Alillon;  and  with  the  estimate  of  Alison  anJ 
Christ  ison.    The  estimate  by  Payen,  of  40  to  48  per  cent,  of 
water  in   the   English  cubic  loaf,  is  undoubtedly  too  high  for 
English  bakers  bread  a3  usually  sold.    The  estimates  by  John- 
ston, of  II  per  cent,  water  in  English  bread,  and  of  51  percent, 
in  English  and  French  ration-bread,  are  also,  no  doubt,  too  high. 
The  results  of  Boiissingault  in  France  agree  with  our  own  in 
England,  in   showing  country  bread  to  contain,  usually,  more 
water  than  that  of  the  cities.    Ration-bread  seems,  according  to 
most  observer*,  to  be  moister  than  that  in  ordinary  use.    To  con- 
clude on  this  point,  although  it  is  very  desirable  to  have  a  prop*' 
estimate  of  the  probable  average  proportion  of  dry  substance  con- 
tained iu  the  most  important  article  of  the  food  of  our  population, 
yet  it  is  obvious  that  many  circumstances  must  influence  the  amount 
in  individual  cases.    The  length  of  time  that  the  bread  has  b^n 
withdrawn  fio:u  the  oven,  must  of  course  be  taken  into  account; 
but  in  fixing  general  averages,  perhaps  it  is  better  to  take  it  within 
the  first  twelve  hours,  as  this  will  best  represent  the  weights  & 
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ivered  by  the  baker,  and,  consequently,  those  estimated  as 
tsumed.*  It  must  be  remembered,  too,  that  the  character  of 
>  ripening  season  greatly  affects  the  quality  of  the  flour,  and 

giving  from  the  results  of  others  as  well  as  of  ourselves,  a 
ibable  average  of  36  to  38  per  cent,  water,  or  62  to  64  per  cent, 
dry  substance  in  bread,  we  would  at  the  same  time  remark,  that 

our  own  special  data,  are  derived  from  experiments  on  the  pro- 
ice  of  three  seasons  of  higher  than  average  maturing  character. 

That  the  season,  independently  of  either  soil  or  manuring,  may 
ay  much  influence  the  percentage  of  nitrogen  in  one  and  the 
Me  description  of  grain,  even  in  the  same  locality,  is  amply 
ostrated  by  the  results  in  Tables  I  and  III,  given  at  the  com- 
3ncement  of  this  paper.  It  cannot  be  wondered  at,  therefore, 
it  different  localities  or  countries,  should  yield  us  grains  showing 
wide  range  of  variation  in  their  percentages  of  nitrogenous 
npounds.  MM.  Bossigneau,  Boussingault,  Millon,  and 
iligot  have  examined  many  of  the  characteristic  wheats  of 
simerce,  and  we  propose  here  to  subjoin  some  additional  facts 
ating  to  this  branch  of  the  subject. 

In  the  following  Table  (XIV)  are  given  the  mean  results  of  a 
sat  many  determinations,  by  the  mechanical  method,  of  the  gluten 

flour, by  Mr.  W.  Constable,  of  Brighton.  It  is  admitted  that 
lia  method  is  an  uncertain  one,  and  it  is,  of  course,  quite  incom- 
-tent  to  indicate  the  total  nitrogenous  substance  of  the  flours, 
towever,  we  believe  the  experiments  to  have  been  made  with 
•^at  care  and  uniformity  of  manipulation,  and,  as  they  are  also 
distent  with  results  of  another  kind,  they  are  well  deserving 
**>rd.    It  may  be  premised  that,  whilst  the  method  in  question 

liable  to  a  little  depreciation  in  the  amount  of  gluten  by  loss  in 
*e  washing — especially  when  the  substance  itself  is  of  an  inferior 
iwacter — yet,  on  the  other  hand,  the  drying  is  more  likely  to  be 
1  error  in  the  other  direction.  These  two  sources  of  error,  there- 
^  so  far  as  they  operated  in  the  experiments,  would  tend  to 
&utralize  each  other.  It  may  be  added,  that  not  the  least  inte- 
*ting  part  of  Mr.  Constable's  results,  is  that  he,  consistently 
"fththe  observations  of  Pe  1  igot  and  others,  establishes  a  very  wide 
*Bge  in  the  character  of  the  gluten  obtained  from  different  flours, 

*  It  should  be  stated,  however,  that,  if  the  fresh  weight  of  the  7  baker's  loaves 
**ouned  were  assumed  to  be  4  lbs.  each,  as  it  should  have  been,  then  the  dry  matter 
•hich  the  loaves  contained  was,  on  the  average,  only  equal  to  60\  pet  ceiA\  tV* 
*wer,  on  the  same  calculation,  being,  of  course,  39 \  per  cet\t.\ 
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as  to  colour,  tenacity,  elasticity,  and  so  on.  Mr.  Constabl 
results,  with  which  he  has  kindly  furnished  us,  are  recorded 
him  seriatim,  in  the  order  in  which  they  were  obtained,  and  withe 
any  special  reference  to  the  point  for  the  illustration  of  which 
here  adduce  them.  It  will  be  seen  that,  in  our  Table,  we  hi 
classified  the  results  according  to  their  reputed  locality  of  groi 
or  shipment,  and  arranged  the  means  so  obtained  somewhat  in  t 
order  of  latitude,  ranging  from  north  to  south,  adopting  the  sai 
general  arrangement  for  the  European  and  American  samp! 
respectively. 

TABLE  XIV. 
Percentage  of  Gluten  in  different  Flours. 
Mean  Results. 


Reputed  Local i lies  of  Growth  or  Shipment. 


Number  Mean 
of  Gluten 
Experiments.       Per  Geo*- 


America  — 

Canada 

li<Miosce  (New  York)... 
Other  New  York 
Ohio 

Maryland 

Richmond  (Virginia) ... 
(Jeor^o  Town  (South  Carolina).. 
New  Orleans 
Miscellaneous 

Mean... 

North  Europe  - 
I>antzi^ 
Hamburg 
SMtin 

]\>inerania  ... 

South  and  Ea^t  Europe — 
Tuscany 
Npain 
JWhi«ral 
Black  S«  a,  Soft 
Black  S<  a,  Hard 

Mean... 

England  — 

White 
Red 

Not  Specified 
Mean... 


ft 
7 
7 
18 


18 
1 
11 


98 
9* 
101 
118 
113 
11-8 
137 
1S-4 
9*5 

1H 

8-9 
lfrS 


10S 

11* 
14-9 

11« 


108 
10-4 
10* 

10  -T 
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cannot  fail  to  be  observed,  that  there  is  a  general  tendency  in 
ecimens  from  both  the  European  and  American  continents, 
rease  in  the  percentage  of  gluten,  proceeding  from  the  north 
south.  It  may  therefore  be  concluded  that,  among  other 
istances,  a  relatively  high  temperature  at  the  ripening  period 
rarable  to  a  high  percentage  of  gluten.  The  mutual  adap- 
s  of  heat  and  moisture,  throughout  the  various  stages  of  the 
iss  of  the  plant,  are,  however,  so  almost  infinitely  varying, 
Vom  season  to  season,  in  one  and  the  same  locality,  that  it  is 
irprising  there  should  be  many  exceptions  to  any  such  sweep- 
sneralization  as  the  one  here  indicated,  in  regard  to  widely 
ng  localities.  A  study  of  the  variations  in  the  character  of 
op,  and  in  the  composition  of  the  grain  grown  from  year  to 
n  our  experimental  field,  side  by  side  with  the  varying  cir- 
ances  of  root  and  leaf  supply  of  moisture,  and  of  tempera- 
is  sufficient  to  show  how  numerous,  and  how  indeed 
changing  in  their  mutual  relations,  are  the  factors  which 

0  one  or  another  order  of  development  in  the  growing 

e  have  at  various  times  determined  the  nitrogen  in  individual 
lens  of  foreign  wheat  which  have  come  in  our  way,  and  recently, 
rh  the  kindness  of  Mr.  W.  J.  Harris,  of  Fenchurch  Street, 
n,  we  have  been  provided  with  a  series  of  characteristic  samples, 
m\t  of  the  examination  of  which  we  had  hoped  to  embody  in 
iper.  Unfortunately,  the  laboratory  work  is  not  sufficiently 
eted  to  allow  of  this,  any  further  than  by  a  few  general 
ks  on  the  tendency  of  the  results  already  obtained.  This 
icy,  from  the  examination  of  a  series  of  contrasted  samples, 
jr  to  confirm  the  indications  of  Mr.  Constable's  results  as  to 
i\  influence  of  latitude,  or  locality,  on  the  nitrogenous  per- 
^e  of  the  grains.  There  are,  however,  as  above  inferred,  some 
3ting  and  instructive  exceptions  brought  to  light.  It  is 
is,  too,  that  both  soil  and  variety,  must  have  much  to  do  with 
aracter  of  the  grain ;  and  that  to  elicit  without  exception, 
fluence  due  to  climate  alone,  the  same  description  of  wheat 

1  be  grown  in  as  far  as  possible  similar  soils,  in  different 
ies,  for  a  series  of  years  consecutively.  In  defect  of  specimens 
s  kind,  we  must  to  a  certain  extent  rely  on  the  assumption, 
.hose  descriptions  will  be  generally  cultivated  in  a  particular 
ty,  which  experience  has  shown  to  be  most  adapted  to  its 
*e  and  other  characters,  and  that  hence  the  c\\uA\\\fe*>  ol 
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grains,  will  be  at  least  some  indication  of  the  general  tendencies  d 
the  climatic  circumstances  which  have  yielded  them. 

Jt  may  he  remarked,  that  among  the  American  specimen? 
examined  by  Mr.  (-oust able,  the  Genessee  is  seen  to  contain  the 
lowest  average  percentage  of  gluten,  yet  it  is  one  of  the  most 
highly  esteemed  of  the  American  flours  imported  into  this  country. 
Again,  among  the  foreign  European  samples  enumerated,  the 
Pantzie  yielded  the  smallest  percentage  of  gluten,  whilst  it  has 
above  all  the  highest  range  of  value  in  the  English  market.  The 
soft  Spanish  is  perhaps  the  next  in  order  of  value  among  the 
imported  European  wheats,  and  we  may  observe  that  it  is  also 
one  of  the  lowest  in  percentage  of  nitrogen  which  we  have  yet 
examined.     On  the  other  hand,  the  flours  from  many  of  the 
highly  nitrogenous  foreign  wheats,  have  the  undoubted  character 
of  imparting  great  "strength"  to  the  dough,  and  for  this  purpose* 
they  are  much  valued  to  mitt  with  weaker  flour;  especially  with 
that  from  grain  which  has  been  imperfectly  developed  and  matured- • 
Some  of  the  most  important  of  these  highly  nitrogenous  wheat  s 
are.  however,  both  inferior  in  the  colour  of  their  flour,  and  very 
hard  and  horny ;    and  owing  to  the  inappropriateness  of  tli*5 
English  method  of  milling,  to  the  defective  whiteness  of  the  flou*-* 
and  of  the  bread,  and  to  the  somewhat  close  texture  of  the  latte*"- 
other  flours  of  lower  percentages  of  nitrogenous  compounds  hav^*' 
notwithstanding  this  great  "  strength"  a  higher  character  whe**1 
used  alone  for  bread-making  purposes.    These  highly  nitrogenoi^3 
wheats  are  chiefly  imported  from  Russia,  and  independently  of  * 
high  ripening  temperature,  they  are  for  the  most  part  grown 
very  rich  soil,  and  sown  in  the  Spring.     On  this  point  it  is 
worthy  of  notice,  that  home-grown  Spring  wheat,  has  sometim^^ 
the  character  of  imparting  strength  to  the  flour  of  an  inferic**' 
AY  inter  wheat,  and  in  the  only  instance  of  this  kind  which 
have  examined,  the  reputed  stronger  (Spring)  wheat,  had  tfc»^ 
higher  percentage  of  nitrogen. 

Jt  may  be  >tated  generally,  that  the  highly  nitrogenous  foreign1 
wheats,  have  the  admitted  character  of  imparting  strength  to  inffe" 
rior  Hour  ;  and  they  are  thus  highly  valued  for  the  purpose 
admixture  with   home-grown  graiu  imperfectly  developed  a**^ 
matured.    These  highly  nitrogenous  imported  wheats  have,  as  tl** 
rule,  been  matured  under  a  much  higher  temperature  than  our 
own  ;  their  nitrogenous  constituents  would  appear  to  be  in  lar#**r 
proportion  in  the  form  of  gluten;  and  it  is  in  wheats  so  ripen^' 
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iat  the  higher  percentage  of  fatty  matter  is  also  found,  the  proper 
lending  of  wliich, according  to  the  experiments  of  Peligot,  consi- 
3rably  affects  the  physical  characters  of  the  gluten.  The  opinion 
F  Pel  i  got — indeed  of  other  recent  investigators,  andinthis  we  fully 
oncar — is,  that  the  measure  of  value  of  different  flours  for  the  pur- 
•oses  of  bread-making,  is  certainly  much  more  dependent  on  the  con* 
Ktton  of  their  constituents,  than  on  their  mere  percentage  amount  of 
wtrogenous  compounds.    Thifl  high  condition  of  the  nitrogenous, 

also  the  other  compounds,  would  seem  to  be  alike  possible  in 
cheats  of  high  and  of  somewhat  low  percentage  of  nitrogen — pro- 
dded, other  things  being  equal,  they  have  been  well  developed,  and 
opened  at  a  high  temperature ;  whilst,  when  this  is  so,  an  undoubted 
Preference  is  given  to  the  less  nitrogenous  grains.  This  is  partly 
he  to  the  latter  being  generally  softer,  and  more  amenable  to  cur- 
Bftfc  milling  methods  ;  and  partly  to  the  widely-differing  structural 
iar*acter  of  the  farinal  matter,  by  virtue  of  which  the  flour  not 
makes  a  better  and  more  workable  dough,  but  the  bread 
ocluced  ig  of  superior  texture  and  lightness— conditions  which 

analogy  would  lead  us  to  conclude,  must  materially  aid  its 
Section  and  assimilation,  and  consequently  so  far  increase  its 
as  food. 

-A  high  percentage  of  nitrogenous  compounds,  provided  the 
be  well-developed  and  matured,  and  not  so  hard  as  to  offer 
^lianical  obstacles  to  fine  division  and  easy  separation  of  the 
in  the  mill,  will  tend  to  a  great  weight  of  bread,  and  a  good 
*^lity  as  to  texture.    It  would  appear,  however,  that  a  smaller 
5*Centage,  if  with  equally  high  elaboration,  will  tend  to  a  similar 
^Ult  as  to  weight,  and  to  even  higher  qualities  as  to  texture 
^  whiteness.    Within  the  limits  of  our  own  island,  however,  on 
le  average  of  seasons,  the  better-elaborated  grain  will  probably 
3  tihe  less  nitrogenous,*  though  the  nitrogenous  matter  it  does 
^fcain,  will  be  in  a  high  condition  as  to  elaboration,  and  to  its 
^tual  relations,  structural  and  chemical,  with  the  other  consti- 
leHt8  of  the  flour.    Hence  it  comes  to  pass  that,  as  our  home- 
flours  go,  those  which  are  the  best  in  the  view  of  the  baker, 
frequently  be  those  having  a  low  percentage  of  nitrogenous 
)T**pounds — a  higher  condition  more  than  compensating  for  the 

*  This  is,  however,  Dot  always  the  case ;  and,  had  we  extended  our  review  beyond 
116  ten  years  to  which  Tables  I  and  III  refer,  we  should  have  found,  in  the  season  of 
both  high  development  and  maturation  of  grain,  and  high  percentage  of  nitro- 
$*H>iis  compounds.    Of  the  cases  included  in  our  survey,  the  season  of  1847,  af- 
Eot*ied  in  the  highest  degree  the  combination  of  characters  here  tfciwe&  to. 
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higher  percentage  of  nitrogen,  generally  associated  as  it  is  in  e1^ 
climate,  with  an  inferior  degree  of  development  and  maturation. 

We  conclude,  then,  that  condition  of  maturation,  or  perhal,s 
rather  rlnln.nitinn,  as  well  as  mere  percentage  composition,  should 
be  theoretically,  as  it  is  practically,  admitted  as  an  essential  elc?~ 
ment  in  estimating  the  relative  qualities  of  different  wheats  <:>"*" 
Hours,  for  bread-making  purposes.    The  opinions  of  some  uf  tb  «^ 
niosi  recent,  and  perhaps  the  most  competent  observers,  certainly 
point  in  the  same  direction  as  the  one  here  indicated.    Still,  tli  «^ 
current  opinion  derived  from  several  of  our  standard  works,  won!  «i 
>erm  to  be,  that  a  high  percentage  of  nitrogenous  compouiu!** 
should  lie  taken  as  an  almost  unconditional  measure  of  value. 

Hut  be>idcs  the  frequently  reiterated  statement  that  the  baker's 
estimate  is  founded  on  the  amount  of  the  gluten,  it  is  also  pretty 
generally  maintained,  that  it  is  the  amount  of  this,  or  of  thi*^ 
nitrogenous  constituents  collectively,  which  determines  the  con"*  — 
parat  ive  values  of  different  Hours  or  breads,  to  the  cofi.<tr,rter.    Wir  li 
regard  to  those  foreign  wheats  which  have  their  nitrogenous  sul 
stance  in  a  highly-elaborated  condition,  and  favourably  related  to 
the  other  matters,  and  in  which  the  whole  is  structurally  fitit-<-l 
t«»r  easy  milling,  and  to  yield  a  light  and  easily-digestible  bread, 
ue  would  not  say  that,  with  such,  a  comparatively  high  fWtiiU'J* 
al-o  of  the  nitrogen,  might  not  bean  additional  point  of  valu^- 
l>ut,  even  with  the  foreign  wheats,  it  is  but  a  small  proportion 
that  combine  these  several  qualities;  whilst  those  which  have  ill* 
most  of  the  others,  have,  generally,  less  of  the  atnottnt  of  uitn 
L-enous  substance.    AYith  home-grow n  wheats,  too,  as  already  said- 
information  at  present  at  command  tends  to  show,  that  high  pe*r- 
centage  of  nitrogen  is.  frequently  at  least,  associated  with 
rnini',fn,,i  <>/  >  lahtn'di inn  of  the  constituents  of  the  grain,  yielding? 
an  inferior  bread-tlour — and  thus,  though  from  opposite  causes  to 
those  >\hich  depreciate  the  richer  nitrogenous  grains  of  the  bigaei"- 
ripening  temperatures,  a  less  valuable  food. 

Let  it  be  conceded,  then,  that  condition,  or  elaboration  rau*1 
affect  the  digest  ibility  and  assimilability  of  our  food.  But,  wetbin^ 
it  may  be  inferred,  yet  on  other  grounds,  //<*//,  as  jtuur*  go.  th* 
richer  in  the  more  directly  re^pirable  and  fat-forming  compound5' 
will  generally  be  more  valued  as  food.*    The  following  Table  (ft,r 

*  Tin  iv  i.s  c\\'v\ imeiital  evidence  to  show,  that  the  nitrogenous  constituent*  n^ 
f«'..(l  u\:w  x  i'vc  urn-  ur  h.»rli  of  those  offices ;  but,  when  in  excess,  probably  a 
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>f  the  data  of  which  we  are  indebted  to  Dr.  Play  fair), 
g  the  estimated  average  percentage  of  nitrogen  and  of  car- 
a  number  of  standard  articles  of  food,  and  also  the  rela- 
them  of  the  one  constituent  to  the  other,  will  aid  us  in 
ting  our  meaning : — 

TABLE  XV. 


nated  Average  Composition  of  Standard  Articles  of  Food. 


Foods. 

Per  Cent. 

Nitrogen 
to  100 

Dry 
Substance. 

^  1  t  Ti\fT  ATI 

xi  lLru^eu. 

Carbon. 



esh)  !  450 

<reen)            ...          ...:      80  0 

ried)  ...          ...  850 

Butter            ...  850 
10.0 

 !  C00 

57  0 
H10 
680 
54 
360 

L  0 

1  13 

1-4 

00 

05 

45 

6*6 

20 
23 

9  3 
125 

rheaten) 

850 
640 
870 
85  0 
87  0 

380 
285  1 
400 
40  0 

390  i 

1  72 
1-29 
1-75 

2  0* 
1-0 

45 
45 
44 
50 
2-56 

les  (succulent, average) ... 

250 
150 
850 
950 

110  : 

CO 
390  1 
400 

035 
0  2 
365 
00 

32 
33 
94 

id  Chocolate  ... 
Porter 

920 
95 

562  1 
4-5  ! 

20 
001 

36 
0-2 

this  Table  it  is  seen,  that  wheaten  flour  and  bread  contain  as 

proportion  of  nitrogen  to  carbon  as  most  of  the  current 
\  of  food  of  our  working  population,  excepting  the  important 
:>f  fresh  meat,  milk,  and  cheese.  Were  we  to  ask,  to  what 
articles  the  working  man  next  resorts,  when  his  means  allow 

add  other  foods  to  his  main  diet  of  bread? — the  answer 
be,  cheese,  bacon,  and,  perhaps,  butter ;  and  we  think  it 
further  be,  that  his  preference  would  generally  be  for  the 

The  Table  shows  that,  so  far  as  he  took  cheese,  he  would 
jrably  increase  the  proportion  of  the  nitrogen  to  the  carbon 
onsumed.    The  amount  of  it  he  would  eat  would,  however, 

than  that  of  bacon,  and  in  the  latter  he  would  only  con- 
balf  as  much  nitrogen,  in  proportion  to  the  carbon,  as  he 
in  bread  alone.    In  fat,  or  butter,  he  wou\d  \\ave  uoT^tao^xv 
*  Scotch  oatmeal  would  range  higher  tYuvn  lV\s. 
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at  all,  so  that  tin*  addition  of  either  of  these  to  his  flour  or  breadl  - 
would  si  ill  further  reduce  the  proportion  of  nitrogen  to  carbon  in  hi  =3 
food.  But  all  these  substances,  besides  their  respirable  carU-ti  , 
have  a  large  proportion  of  respirable  hydrogen,  due  to  their  /■■•  f  ±S 
.<«hsf<t iff.  Kven  cheese,  which  contains  the  least  amount  of  thi=r?  r 
ha-.  nevertheless,  a  very  considerable  percentage  of  it;  bao**i 
much  more  ;  whilst  fat  and  butter,  excluding  their  water,  are.  *- » f 
course,  wholly  composed  of  it.  If,  therefore,  we  take  into  calcula- 
tion tin?  respirablehydrogen.it  will  be  seen  that  the  reyiraio?-;/ 
C'UHtfiiij  (>(i  to  speak)  of  the  cheese,  would  be  much  higher  rehi.— 
tively  to  the  jh  sh-/nr,,)unj.  than  the  relation  to  the  carbon  alone,  r*-^ 
in  the  Table,  would  indicate.  In  the  bacon,  on  the  other  hand,  \\\*? 
relation  even  of  the  carbon  alone  to  the  nitrogen,  is  much  greater 
than  in  bread  :  and,  if  we  fuither  take  into  account  its  respiraM*^ 
hydrogen,  its  iv-pinitory.  relatively  to  its  flesh-forming  capacity- 
will  ap[)«-ar  Mill  greater  in  comparison  with  the  bread.  La>tly* 
oven  taking  the  ease  of  fresh  meat,  so  large  is  its  amount  of  fa.*- 
and,  therefore,  of  respirable  hydrogen,  that  its  respiratory  and 
fat -form inLr,  relatively  to  its  flesh-forming  capacity,  would  be  nincb 
higher,  a<  compared  with  bread,  than  the  figures  in  the  Tabl*?* 
relating  to  carbon  alone,  would  show. 

From  these  considerations  we  think  it  may  fairly  be  conclude**^ 
that  t lit-  tir>t  more  urgent  call  of  the  system  of  our  under-fed, 
only  bread-fed.  working  man,  is  for  an  increased  supply  of  respii"*1-" 
torv  or  fat -forming,  rather  than  of  flesh-forming,  conMituents  « 
food.     lnd«-ed  it  i<  to  jut  it*lj\  in  some  form,  that  he  iirst  resorts  - 

If.  then,  the  iir-t  demand  of  the  system  be  generally  for  nu',tV 
of  the  m«»re  directly  respirable  or  fat-forming  material,  than  breJ*^ 
.alone  supplies  :-  it"  the  foreign  wheats  of  more  than  average  percent" 
aire  of  nitrogen  have,  frequently,  structural  characters  which  rend  «-*r 
them  wit  h  greater  ditliculty  made  into  an  easily-digestible  bread : — lJ 
the  m  »re  highly-nitrogenous  wheats  of  our  colder  summers  have  tht*lf 
constituents  frequently  in  a  less  highly-elaborated  condition: — a*1*^ 
if,  finally,  tin*  introduction  of  more  of  the  nitrogenous  constituent* 
of  our  grain  into  the  bread-flour,  generally  introduces  at  the  sat*,e 
time  branny  pnrtieles  which  cause,  the  food  to  pass  in  too  largff  3 
proportion  undigested  from  the  body — it  would  appear,  that  the 
standard  of  \alue  of  food-stuifs  as  they  go,  according  to  th**,r 
nit  rog.»m»u<  percentage,  is,  at  least,  only  conditionally  correct,  ai*^ 
that  t  h<-  current  \  i.-ws  on  t  he  poiut  require  to  be  somewhat  modifi*"*^* 

F/vm  all  the  data  at  out  command  we  have  adopted  r2S)asth* 
pmlmlih?  ,'ivrrage  percentage  of  \u\ vovtyw \\\  vfttK&gft.  Wwl.  l^1** 
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)r.  Maclagan  is  from  11  to  1*2  ;  and  that  by  Playfair 
n  about  1*1.  These  amounts  represent  respectively  about 
1  7  of  nitrogenous  compounds.*  It  will  not  be  sup- 
,  because,  from  the  facts  adduced,  we  are  led  to  believe 
Idition  to  such  a  bread  as  is  here  assumed,  the  first  call 
em  of  the  working  man  would  be  for  more  of  respiratory 
rming  material,  we  would  therefore  deny  the  advantage 
tased  supply  of  nitrogenous  constituents  also.  We  would, 
ubmit,  as  worthy  of  reflection,  that,  whilst  the  relation 
q  to  100  of  carbon  in  wheaten  flour  and  bread  is  4  5, 
>  average  of  the  food  consumed,  taking  eighty-six  cases, 
bo  fifteen  classes,  and  including  both  sexes  and  all  ages, 
»'3-i.  These  dietaries  included  many  which  were  exceed- 
al,  so  far  as  the  nitrogen  supplied  was  concerned  ;  yet  a 
nsideration  of  their  details  showed  that,  taking  into 
i  their  respirable  hydrogen,  the  relation  of  purely  respi- 
fat-forming,  to  flesh-forming  material,  in  most  of  these 
dietaries,  would  be  nearly  as  great  in  bread.  Indeed, 
ppear  that,  that  which  is  admitted  to  be  a  superior  class 
distinguished  much  more  by  including  a  certain  amount 
portant  non-nitrogenous  constituents,  in  the  condition, 
of  concentration,  as  in  fatty  matter — and  of  the  nitro- 
es,  in  the  high  condition,  as  in  animal  food,  than  by 
proportion  of  its  flesh-forming  to  its  more  exclusively 
7  and  fat-forming  constituents. 


Appendix. 

;  assumption  that  it  is  established  by  others  (for  we  have 
7es  any  direct  experiments  on  the  point),  that  the  loss  of 
nee,  by  the  panary  fermentation,  is  less  than  one,  and, 
>ss  than  0*5  per  cent,  of  that  of  the  flour  employed,  it  is 
at  the  number  of  loaves  of  a  given  weight  obtained  from 
flour  (280  lbs.)  being  given,  and  the  percentage  of 
e  flour  also  known,  we  could  easily  estimate,  within  very 
its,  the  percentage  of  dry  substance  in  the  bread  produced, 
ntage  of  dry  matter  in  bread,  thus  determined  by  calcu- 
l  the  actual  or  assumed  amount  in  the  flour,  will  be  too 

timates  have  reference  to  the  bread  from  rather  fine  flour;  that  from  the 
«  contains  rather  more  of  nitrogenous  matters.  % 
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high  by  the  unknown  quantity  lost  by  fermentation,  and  too  low 
by  the  amount  of  salt,  or  other  saline  matter,  added.  On  the 
latter  point  it  may  be  stated,  that  about  4  lbs,  of  salt  to  the 
sack  of  tlour  is  equal  to  about  1  per  cent,  in  the  bread.  Indeed, 
assuming  tin*  loss  by  fermentation  as  above,  and  taking  such  data 
as  we  possess  as  to  the  usual  amount  of  mineral  matter  added  by 
the  baker,  we  are  disposed  to  conclude,  that  the  dry  matter  in 
bread,  calculated  as  above  supposed  from  the  amount  of  dry  sub- 
stance in  Hour,  and  the  amount  of  bread  it  yields,  would  be  too 
low  by  from  0-5  -1  per  cent.,  depending  on  the  quantity  of  the 
extraneous  mineral  matter  used. 

Again,  if  the  whole  of  the  loss  by  the  changes  during  fermen- 
tation be  less  than  0-5  per  cent.,  and  if  these,  as  is  known  to  be 
the  case,  mainly  affect  the  non-nitrogenous  constituents,  we  can.  in 
the  same  way  as  for  the  dry  matter  and  the  water,  estimate  pretty 
exactly  the  amount  of  nitrogen,  or  of  niinxjenons  Mtmjxtumh, 
from  the  amount  of  the  one  or  the  other  in  the  flour  employed. 

Frequently,  however,  the  estimates  which  are  given  by  oneard 
the  s:imo  authority,  for  the  composition  of  wheaten-flour  and 
bread  respectively,  do  not  seem  to  bear  a  proper  relation  to  each 
other.  We  have  thought,  therefore,  that  it  might  be  useful  to 
give,  as  an  appendix  to  our  paper,  a  tabular  form,  showing  the 
yield  of  bread  from  100  of  flour,  and  the  percentages  of  dry 
matter,  water,  nitrogen,  or  nitrogenous  compounds,  in  the  former- 
assuming  any  given  number  of  four-pound  loaves  to  be  obtained 
from  a  sack  of  tlour,  and  assuming  also  given  probable  amounts 
of  water  and  of  nitrogen  in  the  flour.  This  is  accordingly  done 
in  Table  XVI,  which  follows. 

AVe  need  only  further  say  that,  with  fermented  bakers  bread  of 
good  quality,  ninety-five  really  four-jmmul  loaves  to  the  sack  of  flo&r« 
is  a  yield  perhaps  very  seldom  reached.*  It  would  appear,  however, 
from  published  statements,  that  of  un fermented  bread,  more  than 
loo  four-pound  loaves  may  be  obtained  from  the  sack  of  flo°r' 
It  is  worthy  of  remark,  that  if  this  be  the  case,  and  if  the  loss  by 
the  fermentative  process  be  really  so  small  as  is  now  suppo^' 
the  gain  in  weight  by  the  non-fermenting  method,  is  only  a  g*111 
of  iffifer  rrftiinrif  in  the  bread.  Unless,  therefore,  the  unfermented 
bread  be  better  adapted  for  digestion  or  assimilation,  or  be  ^ 
at  a  correspondingly  lower  price,  the  consumer  will  be  a  cousp 
derable  loser  by  the  purchase  of  the  unfermented  loaf. 

•  W'o  speak  of  course  of  pure  wheat  en  bread. 


ON 


THE  COMPOSITION  OF  WHEAT-GRAIN,  &C. 


^  «  ::  w  m  «  cc  m     «  n  w  n  m  w 


£23 


c  5i  ■»  ao     to  »p  »c     «     ~*  ~-  o  c:  as 


cccccocececococccoeco*^^-*"**^ 


re  c  i  c  t«  i  i'  fl>  6  6     ^  w  m  w 


i'c     k  «  w  ^  h  c  6  a  x  i     s  i  i 

?D  <C  «fi  «  CO  »  «C  O  !C  »C  iC  C  i2  »Q  O  LI 


"8 


oC'tocepi-.-Htfc^XKs-'ttp 
a  6  h  n  ^  i  n  oc  c  ^  ?i  -t  c  t*  a  6 


c.  r.  a  c  a  sj  »  »  ft  ?.  c  c  c  c  s  o 


AGRICULTURAL  CHEMISTRY. 


ON  THE 

GROWTH  OF  BARLEY 

BY 

DIFFERENT  MANURES, 

CONTINUOUSLY  ON  THE  SAME  LAND; 

AND  ON 

THE  POSITION  OF  THE  CROP  IN  ROTATION. 

BY 

J.  B.  LA  WES,  F.R.S.,  F.C.S., 

AND 

DR.  J.  H.  GILBERT,  F.C.S. 


PROM  THE  JOU&NAL  OP  TUB  ROYAL  AGRICULTURAL  SOCIETY  OP  ENGLAND, 

VOL.  XVIII.,  PART  II., 
18*7; 

WITH  SUPPLEMENTARY  RESULTS  IN  TABLES  XVI.,  XVII.,  AND  XVIII.  ;  AND 
BOMB  ALTERATIONS  OF  THE  SUCCEEDING  TEXT  ACCORDINGLY, 

1858. 


LONDON: 

BB-PBINTBD   BY  DUNN  CHJDGEY,  155-7,  KINGSLAND  ROAD. 

1888. 


ON  THE  GROWTH  OP  BARLEY  BY  DIFFERENT 
MANURES,  &o. 


In  endeavouring  in  former  Papers  in  the  Journal  of  the  Royal 
Agricultural  Society  to  convey  such  an  idea  as  existing  knovMge 
permitted,  of  the  chemical  facts  and  principles  which  our  BoWw 
of  Croj's  involves,  we  have  supported  the  views  put  forth,  by  care- 
fully ascertained  data  regarding  the  individual  elements  which 
(•■institute  that  important  practice.  The  subjects  which  necessarily 
piss  under  review  in  such  an  inquiry  arc,  the  characteristic  re- 
quirements of  growth  of — 

1st.    The  Root  Crops, 
ml.  The  saleable  Cereal  Grains, 

:>rd.   The  Leguminous  Corn  and  Fodder  Crops ; 
ami  lastly,  the  chemical  circumstances  involved  in — 

1th.    The  consumption  of  food  by  stock  on  the  farm. 

In  regard  to  some  of  these  branches,  only  the  general  concta- 
sinns  drawn  from  the  evidence  accumulated  have  been  givw: 
whilst  on  others,  a  good  deal  of  the  evidence  upon  which  the  con- 
clusions have  been  founded,  has  been  laid  in  detail  before  tl*  | 
read i  r.  j 

Thus,  with  regard  to  the  Cereals,  the  reader  is  already  in 
session  of  a  considerable  portion  of  the  results  of  the  experiment* 
in  the  Jirhl*  relating  to  the  growth  of  wheat;  and  before  aJdinf 
to  the  registry  on  that  head,  it  seems  desirable  to  put  on  Kdrf 
something  relating  to  barley — the  next  in  importance  to  wheat 111 
the  class  of  the  saleable  cereal  grains  of  our  rotations. 

We   have  always  assumed  that  barley,  apart  from  local 
minor  distinctions,  was  closely  allied  to  wheat  in  certain  chj' 
nicteristic  clieniical  requirements  of  its  growth.  Independent; 
of  common  observation,  the  direct  evidence  upon  which 
opinion  was  founded,  was  a  course  of  field  experiments  on  barl?- 
conducted  in  1845.    At  that  time  about  ten  acres  were  arP!?' 
printed  to  the  investigation,  which  it  was  intended  should 
continued  through  a  considerable  series  of  years.    Owing,  bt»*- 
ever,  to  the  great  labour  and  attention  required  in  following  JjP 
experiments  of  this  kind,  Inith  in  field  and  lalwratory,  with  sU**1" 
eient  accuracy  and  detail  to  serve  a  scientific  purpose,  it 
decided  to  rest  satisfied  with  the  first  year's  clear  indications  m  1 
the  field,  until  other  branches  of  the  main  inquiry,  then  occupy!*- 
all  our  available  time,  should  be  somewhat  further  forwarded. 

*  For  the  results  in  the  laboratory,  showing  the  influence  of  circumstaz^^ 
of  growth  on  the  cttmposition  of  wheat,  see  1  Journal  of  the  Chemical  8ode? 
vol.  x.,  part  i.,  p.  1-55  :  *  On  some  points  in  the  Composition  of  Wheat-Gni^ 

\u  Products  in  the  Mill,  and  Bread." 
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c  experiments  with  barley  grown  by  different  manures 
led  in  1852.    It  is  the  field  results  of  these  from 

0  the  present,  together  with  some  gleanings  from  the 
relating  to  them,  and  also  the  records  of  collateral 
\  on  the  crop  grown  under  certain  other  known  con- 
nanuring  ana  cropping,  and  in  rotation,  that  will  form 
>  of  the  present  Paper.    On  this  plan  our  tabulated 

1  be  necessarily  very  voluminous.  It  would  be  un- 
herefore,  to  encumber  our  statement  with  a  detailed 

the  earlier  series  of  experiments,  especially  as  the 
though  not  (juite  so  comprehensive,  are  somewhat 
nged  for  showing  up  the  points  of  interest.    It  will 
ay  then,  of  the  earlier  experiments,  that  their  results 
stent  with  those  of  the  later,  which  are  now  to  be 

I  set  apart  in  1852  for  the  continuous  growth  of  barley 
j  manures  was  in  the  adjoining  field  to  that  devoted  to 
ous  growth  of  wheat,  and  its  general  character  was  very 
hat  of  the  latter.  It  had  grown  clover  in  1849,  wheat  in 
in  1851  barley,  dressed  with  sulphate  of  ammonia.  It 
ore,  in  an  agricultural  point  of  view,  in  a  somewhat 
condition  so  far  as  the  aftergrowth  of  grain  was  con- 
it  was  hence  in  a  suitable  state  for  testing  the  effects 
t  manures  upon  the  barley  crop.  The  area  of  land 
d  was  about  five  acres,  divided  into  nearly  square  plots 
ne-fifth  of  an  acre  each.  In  order  to  distinguish  this 
riments  from  those  afterwards  to  be  noticed,  it  will  be 
to  give  the  field  in  which  it  was  made  its  usual  name, 
x»-neld. 

jription  and  quantities  of  the  different  manures  are  given 
space  will  permit,  in  the  Tables,  by  the  side  of  the 
y  yielded.   To  the  statements  there  given  one  or  two 
b  will  be  necessary. 

1  be  mentioned,  that  there  were  two  plots  unmanured, 
ler  side  of  the  experimental  land  ;  and  it  is  the  mean 
iese  that  is  given  as  Experiment  No.  1. 
r  and  weed-ashes  employed  in  Experiment  No.  2,  were 
le  description  as  those  mixed  in  smaller  quantity  with 
lanures  to  aid  their  easy  distribution  over  the  land, 
nyard  manure,  was  only  from  the  open  yard,  and  did 
the  dung  of  animals  highly  fed  on  artificial  food. 

ailed  "  Mixed  Alkalies"  comprised,  per  acre — 

300  lbs.  sulphate  of  potash, 
200  lbs.  sulphate  of  soda, 
100  lbs.  sulphate  of  magnesia. 

B  2 
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The  %b  Stt/irr/i/iOft//Jutte  of  Lime"  was  composed  (per  acre)  of— 


2oo  lbs.  calcined  bone-dust, 

].r>o  llw.  sulphuric  acid  (sp.  gr.  1*7). 


The  *%  J//W  Minna  Is"  consisted  of  l>oth  the  "Mixed  Alka- 
li ts,"  and  the  "  Superphosphate  of  Lime,"  as  above  described. 

All  the  artiiicial  manures,  after  being  well  mixed  with  day 
and  weed-ashes  up  to  a  given  measure,  were  carefully  sovu  I? 
hand ;  for,  though  the  drill  is  undoubtedly  by  far  the  best  mean? 
of  getting  an  average  distribution  of  manure  over  lnrge  areas  d 
land,  the  experience  of  our  wheat  experiments  has  taught  us  ^ 
there  is  danger  of  some  irregularity  when  applied  only  to  sn*M 
ones,  where  accuracy,  one  compared  with  another,  is  csseutiaL 
The  manures  being  sown,  they  were  ploughed  in  very  shallow. 

The    seed,  which    was    the    Chevalier,  was    however  alwjs 
dr'dUd — i'J,  bushels  per  acre  in  ixr>2  and  lrtf)tf,  and  7  pecks 
a<'i"e  in       4 -.")-(»  ami  7. 

The  results  obtained  during  the  six  years'  con li nuance  of  d* 
exjH'riinenU  are  given  in  Tables  as  follows  : — 


Table  I. —  Dressed  Corn  per  Acre,  in  bushels  and  pecks. 
Table  IT. — Total  Corn  j>cr  Acre,  lbs. 
Table  III.— Total  Straw  and  Chuff  j>cr  Acre,  lbs. 
Table  IV.  -Total    Produce    (Corn    and    Straw    together)  I*r 
Acre,  lbs. 

'Fable  Y.-- -Proportion  of  Total  Corn,  in  I  no  Total  Produce. 
Table  VI. — Proportion  of  Dressed  Corn,  in  loo  Total  Com. 
Table  VII.— Weight   per    Bushel  of   Dressed   Corn.  H*.  mi 

tenths. 

Table  VIII.  is  a  summary  of  Tables  I.  to  VII.  inclusive.  ^ 
gives,  for  each  separate  year,  the  seven  characters  of  crop 
the  former  Tables  respectively  record,  but  for  the  mean  util)  °* 
five  classes,  into  which  the  series  of  individual  experiment* 
here  arranged.    This  Table  affords,  therefore,  at  one  view  a 
parison  of  the  effects  of  the  individual  seasons  {\\oth  upon  W 
quantity  and  quality  of  the  produce)  ;  and  each  under  the  inftocN* 
of  live  distinct  classes  of  manures.  , 

Tabic  IX.  is  a  summary  of  another  kind.    It  gives  for 
of   the    twenty   individual    manures    its   a  ret-aye  annual 
taken  over  six  veal's,  on  each  of  the  characters  of  quality 
quantity  of  the  produce.     In  this  Table,  therefore,  instead  * 
comparing  the  influence  of  the  individual  season*,  we  °wnPi^ 
that  of  the  individual  manures,  taking  for  each  the  mean  iwul* 
six  years'  trial.    (For  the  Tables  I.-TX.  inclusive,  see  pp.  6-53.) 
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It  would  be  only  irksome  to  the  reader,  and  perhaps  even  con- 
fusing, were  we  to  give  a  running  and  detailed  comment  upon 
&e  numerous  figures  recorded  in  Tables  I.  to  VII.  They  are, 
however,  deserving  a  careful  examination,  which  cannot  fail  use- 
fully to  fix  on  the  mind  the  clear  idea  which  actually  recorded 
foots  conveys,  of  how  really  great  are  the  fluctuations  in  the 
Jesuits  of  the  farmer's  efforts  and  outlays,  due  to  the  ever-chang- 
Beasons.  Such  a  study  would  at  the  same  time  show,  that, 
however  great  the  uncertainty  as  to  the  actual  amounts  of  produce 
to  be  calculated  upon,  depending  upon  climatic  vicissitudes, 
there  is  still,  even  with  these,  on  some  points  a  considerable 
d^ree  of  uniformity  and  certainty  in  the  relative  results  of  certain 
characteristic  classes  of  manures.  In  the  comments  which  follow 
shall  confine  attention  chiefly  to  the  Summary  Tables  VIII. 
•Bd  IX.  In  doing  so  we  shall  perhaps  be  able  to  convey  a 
efficient  idea  of  the  prominent  results  to  the  casual  reader,  and 

the  same  time  usefully  to  guide  the  further  examination  of  the 
^re  careful  one. 

It  would  have  been  a  useful  introduction  to  the  consideration 
Jf  the  actual  variations  of  results  obtained  in  the  field  in  the 
Afferent  seasons,  to  have  taken  a  comparative  view  in  some 
detail,  of  the  climatic  conditions  themselves  of  the  six  seasons 
n&der  which  the  varying  results  have  been  obtained.    With  the 
of  doing  this,  numerous  tables  have  been  arranged,  bringing 
together  in  much  detail  the  actual  climatic  statistics  of  the 
^eral  seasons ;  and  also  others,  showing  the  indices  or  relative 
^der,  comparing  season  with  season,  of  the  actual  characters  so 
registered.    From  the  large  amount  of  tabular  matter,  and  the 
■pace  required  for   its  consideration,  which   the  more  proper 
object  matter  of  the  paper — the  effects  of  different  manures  on 
"te  barley  crop — itself  involves,  we  are  obliged  to  forego  this 
Pttt  of  our  plan.    A  few  general  observations  must  suffice  there- 
fate,  on  this  intimately  associated  collateral  branch  of  the  subject, 
"hen,  however,  it  is  considered,  that  the  different  seasons  will 
**ry  almost  infinitely  in  relation  to  one  another  in  their  favour- 
able adaptations  at  each  succeeding  period  of  their  advance,  and 
that  with  these  variations  must  vary  as  constantly  the  tendency 
°f  development  of  the  plant  for  quantity  or  for  quality,  it  will  be 
obvious,  that  it  is  only  a  very  detailed  consideration  of  climatic 
Jafotics,  taken  together  with  careful  coincident  observation  in  the 
1  Wd,  that  can  afford  a  really  clear  perception  of  the  connection  of 
j   «e  ever  fluctuating  characters  of  season,  with  the  equally  fluctuat- 
es characters  of  result.    It  is  in  fact  the  distribution,  and  the 
ttntual  adaptations,  of  the  many  characters  making  up  the  season, 
in  their  relation  to  the  stage  of  growth  of  the  plant,  which  give  the 
^Itant  impress,  for  quantity  or  for  quality,  upon  its  progress. 
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Table  II.— Total  Coi 


KxjK-ri- 

MANURES. 

MH.Ilt>V 

(Quantities  per  Acre,  per  Annum  i. 

1852. 

1858. 

1851 

III 

IU*. 

lew 

lb*. 
14W 

IK 

La 

*» 

•Si  |.u.du  1*  Clay  and  W«td  Asdic*  

1431 

MM 

1904 

V 

laa; 

LMT 

mo 

» 

1*U 

21.« 

sir 

SKKIKS  2. 

-1 

Mixnl  Alkalies  ;  Sulphates  of  Potash.  Soda,  and  Majnift-da)  . 

LV* 

SKI 

» 

1<XW 

1*T7 

*»> 

If 

fi 

Superphosphate  uf  Lime,  and  "  Mixed  Alkalie*  "  

1*19 

3017 

* 

H«l 

301 

Skriks  3.— With  Nitrogen  per 

»ert\  equal  to  a  boot  * 

J.1:,  lh*  Nitrate  of  Soda,  atom-  

SOU 

37« 

* 

h 

SOW* 

3»3 

m 

* 

10 

11 

ion  ll.-v  each.  Sulphate  and  Muriate  of  Ammonia,    and  "Mixed' 

Alkulii  *  1  / 

ll>-.  (  ,i<  )i  Sulphate  and  Muriate  of  Ammonia,  and  Superphosphate  i. 

100  ll".. «  ik-Ji.  Sulphate  and  Muriate  of  Ammonia,  and  Superphosphate i 

soul 

233) 
3»J 

.%*«7 
M* 

* 

* 

3 

3W3 

!ttW 

i 

Bkkiks  4.— With  Nltrogrn  per  »c:n\  equal  to  about  lrt 

1-' 

9071 

JUU 

i 

1.) 

i 

It 

sim 

VI* 

ftt* 

1.-. 

jun  11>*  <ach.  Snlphate  and  Muriate  of   Ammonia,  and  "  Mivsdi. 

2m 

3ft> 

JffS 

■200  llw.  jjh-Ii.  Sulphate  and  Muriate  of  Ammonia,  and  Superphonphatr  j 

*4» 

17 

■JO"  11--.  •  iich.  Sulphate  and  Muriate  of  Ammonia,  and  Superphosphate^ 

SSM 

*5» 

«W 

lh 

1907 

3113 

in 

3067 

MS 

uu 

•20 

21100  ll>..  lUpe  Cake,  and  Superphosphate  of  Lime,  and  "Mixed) 

3»» 

tflM 

Mil 

3278 

1414 

'  No  Nitrate  of  Soda  in  1883;  bat  Sulphate  of  Potats,  and  Rnpci 

tc  of  Line. 

the  Growth  of  Barley  by  different  Manures,  ike.  9 


sonsecntive  Years  on  the  same  land — 1852,  53,  54,  55,  56,  and  1857. 
,  Herts.) 
in  Lbs. 


Avenge  Annual  Increase  by  Manure. 

Total 

Average.  . 

7. 

(6  yean). 

Annual 

With  what  Standard  compared. 

«. 

u 
0 

lbs. 
9.469 

Ibi. 
1578 

lbs. 

0 

9,554 

1592 

9 

9,512 

15*3 

5 

14.44A 

2407 

822 

Over  Unmanured. 

res,  only. 

l 

9.760 

1627 

42 

Over  Unmanured. 

a 

10,490 

1748 

163 

Over  Unmanored. 

*i 

11.480 

1914 

829 

Over  Unmanored. 

n 

10,679 

1763 

17B 

Over  Unmanured. 

th  without  and  with  direct  Mineral  Manures. 

u 

tll.820 

♦2864 

779 

Over  Unmanored. 

n 

111,144 

2191 

eon 

Over  Unmanored. 

» 

13,680 

2272 

646 

Over  "Mixed  Alkalies'  (No.  4). 

n 

16.368 

2645 

797 

Over  Superphosphate  of  Lime  (No.  6). 

i« 

15,579 

2696 

682 

Over  Soperphosphate  of  Lime,  and  "  Mixed  Alkalies  "  (No.  6). 

BO 

14,3% 

2894 

681 

Over  Mean  of  Mineral  Series. 

•th  without  and  with  direct  Mineral  Manures. 

is 

t  18,881 

t2066 

1081 

Over  Unmanored. 

15.619 

2608 

1018 

Over  Unmanored. 

47 

15,964 

2664 

1079 

Over  Unmanored. 

08 

14,647 

2441 

814 

Over  "  Mixed  Alkalies  "  (No.  4). 

B6 

16,661 

2775 

1027 

Over  Superphosphate  of  Lime  (No.  6). 

m 

16,806 

2801 

887 

Over  Soperphosphate  of  Lime,  and  '« Mixed  Alkalies"  (No.  6). 

117 

15.038 

2605 

878 

Over  "  Mixed  Alkalies  "  (No.  4). 

m 

10,088 

2678 

926 

Over  Soperphosphate  of  Lime  (No.  5). 

m 

15.978 

2602 

748 

Over  Soperphosphate  offline,  and  "  Mixed  Alkalies"  (No.  6). 

IS9 

15,816 

2648 

880 

Over  Mean  of  Mineral  Series. 

t  Taken  for  5  years  only. 


lo  On  the  (irowth  of  Barley  by  different  Manure*,  <iV. 

Ki:si  i.ts  of  HxPKRi.M  i:nts  on  the  Growth  of  Barley  by  different  Manures:— ode 

(HoofrTW 

Table  III.— Total  Straw,  urf 


MANVRE*. 
i^^iiiiik-  jmt  Aits.  |*r  Ann  mm 


iM2*  1853.  im  m  \ 


1 

Lbt. 
J  1 

Tb*, 

:  ■■■  j 

■ 

M 

Men 

ITU 

|l^<  jflflKMM  Munmv  



M  f<  i  il  \ \Un  U*  - 1  sit) pi iih:,  *r  ft  tot* ,  Ntl*,  and  31  wdiM  .... 

WT 

1*1 

taj*  i|.i-i-pii.iti-  i<f  lmm  ,  . 

Mil 

mil.  rtim^iM ■ -f  i  im-  *iti   iiUfd  AikAiivii"  ...... 

sHmi 

1 

HKHjir>  ?— WEtb  Xitrogeti  |*fr  mrr*,         to  ahni^suib* 


ft*f  u,.  ,  ,  3,  v.nj.iuiu  1|M1  Mnridtt  ol  Ammuiik,  alun* 

|:M  |I*H  -tioU.    i^i  J  kite   aiul   Muriate  of  Ammonia, 
MUik-        ,     .  .  

LfliH"          ^HlfAw&J  juv!  Muriate  of  AUll HlMlffc  mini 
"I  I4HW   

HAP  U.*  <A.U  Si»J]  ]        iiirl  Mnrwtv  4l   t 111 niul iin.mil 

pi  i-tmif.  uiul        xum%       .   .  . 


sua  aT5 


SfcHiE*  t-WIUl  Witcwu  j«t  nciv,  khLua]  t«  about  l*** 


&  llM,  S.lfAU  ^  y«i  

if,,.  ►  40 h,  Sut^iu-  unit  Muriate  of  Ammonia,  alone  .  , 
aWd  II. r  I^jpt?  ffthv,  iUitfjrj     ,    ,    ,  ,  


!*W  Hi*,  i  ;ii  H    >nlp|i*t<j  .tml  Miniate 

-■  - ■  i  -  i  llIi  >nl|i]niir  b.ii-1  Muriate  ft  J 
i  hi  Lfinv   ■ 

JfHi  IM  h  n:  1[.  snlj.lni.-  *M  Murine**  nif  . 

M  feUtotftikl     MlulAlkaUr*  "   


atari  Mm  l!;im  t'fcfcr,  .mJ   Mined  J 
■MWH",         l  nk*  .  Ami  SuiKipll(»ulinU nf  Lluw     »,       t    ,    f  , 

Pi  IJmc  mil  "UKHij 

IfflD  


ItVilfVpi 


mil 


N  i  Nitiuto  .jf  sku  in  1HM   bnt  Sulphate  of  Pot»M,  aikl  Superphosphate  of  Lime. 
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six  consecutive  Tears  on  the  same  Land — 1852,  53,  54,  55,  56,  and 
listed,  fierte.) 

per  Acre — in  lbs. 


CB. 

Total 

Average 

Average  Annual  Increase  by  Manure. 

1807. 

(6  yean) 

Annual. 

With  what  Standard  compared. 

Series. 

Itw. 
1570 

Itw. 
10,875 

lbs. 
1819 

lbs. 

1687 

10347 

1708 

1604 

10.561 

1760 

2640 

16.789 

3790 

1080 

Over  Unmannred. 

Manures,  only. 

1686 

10.779 

1798 

86 

Over  Unmanored. 

174S 

11,076 

1M6 

86 

Over  Unmannred. 

1990 

uon 

9019 

969 

Over  Unmannred. 

1788 

11,809 

1885 

195 

Over  Unmannred. 

a ;  both  without  and  with  direct  Mineral  Manures. 


9766 
1966 

114,309 
15,228 

12889 
9588 

1109 
778 

Over  Unmannred. 
Over  Unmannred. 

Over  "  Mixed  Alkalies  "  (Mo.  4). 

Over  Superphosphate  of  Lime  (No.  6). 

Over  Superphosphate  of  Lime,  and  "  Mixed  Alkalies  " 

Over  Mean  of  Mineral  Series. 

9400 
8000 
8190 

16,706 
19,042 
19,601 

9784 
8174 
8287 

988 
1898 
1955 

9669 

17.588 

9996 

1040 

tia;  bothi 

irithout  and  with  direct  Mineral  Manures. 

8680 
2968 

8715 

W.667 
19,146 
91.988 

tS689 
8191 
8548 

1779 
1481 
1788 

Over  Unmannred. 
Over  Unmannred. 
Over  Unmannred. 

Over  "  Mixed  Alkalies  "  (Mo.  4). 

Over  Superphosphate  of  Lime  (Mo.  6). 

Over  Superphosphate  of  Lime,  and  "  Mixed  Alkalk 

Over  "  Mixed  Alkalies  "  (Mo.  4). 

Over  Superphosphate  of  Lime  (Mo.  6). 

Over  Superphosphate  of  Lime,  and  "  Mixed  Alkali 

Over  Mean  of  Mineral  Series. 

9910 
8987 
4067 

19371 
99£88 
94.488 

8819 
8815 
4078 

1616 
1969 
9061 

S460 
9746 
*706 

90.840 
91.790 
91,896 

8890 
8688 

1594 
1786 
1698 

•coo 

91344 

8670 

1685 

t  Taken 

for  5  years  only. 
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Kf.m  i.ts  of  Experiments  on  the  Growth  of  Barley  by  different  MAXtRE*:-ni 

(Hoot-fr 

Table  III.— Total  Straw,  i 


lAixri 

MANURES. 

JJSI 

iiKHt-i. 

i<juantitie-  i>er  Acre,  per  Annum*. 

1862. 

1853. 

18H. 

m 

Skkiks  l.-Giqp 

i 

llM. 
]N*4 

Ib*. 

Dm. 
K7x 

■ 

1T*1 

SIT 

ira 

n 

tin 

rt 

SFKIK*  t 

.1 

4 

Mim  <1  MkHlirs  .Sulphate  of  Potash.  Soda,  and  Maimi-sia)  . 

1*47 

l»tt 

A3 

B 

>     i pd-'-jihAtc  of  Lime  

nut? 

D 

m;im  iplio.[ihut<'  of  Lime  and  "  Mixed  Alkalis  "  

XfaU 

*« 

* 

aou 

Skrik<  3— With  Nitrogen  per  aero,  equal  to  about.  3* 

« 

&i 

S7» 

1<m  11  ->  i        sulphate  ami  Muriate  of  Ammonia,  alone  . 

* 

10)         i.tvh.  Sulphate  and  Muriate,  of  Ammonia,  and  "Mixed) 
in)  u...  i.i.  Ii.  sulphate  and  Muriate  of  Ammonia. and  Superphoaphau- < 
luo  ll>-".  i».  h.  Sulphate  and  Muriate  of  Ammonia,  ami  Supcrplioaphate i 

~ 

j»ns 

li) 

tm 

MO 

4MB 

a 

11 

.1119 

*J7* 

4U8 

M 

*<*» 

40U 

11 

Skkiks  4— With  Nitrogen  per  acre,  t 

hiiu!  t( 

> about  I* 

MB 

m 

If 

•J'.»j  li-.*      li.  sulphate  and  Muriate  of  Ammonia,  alone  . 

«004 

no 

«■ 

tf 

1 1 

2756 

SOB 

4MB 

41 

.no        .,t.h   Sulphate  and  Muriate  of  Ammonia,  and  "Mixed) 

\ik.tu.  -   ; 

ji'mI:-  i.t.ii.  sulphate  and  Muriate  of  Ammonia, and  Superphosphate > 
n«4.  .-.-I'  h.  Sulphate  and  Muriate  of  Ammonia,  and  Snpcrphoapbate  1 

8047 

4MB 

* 

17 

sin 

8M 

3  MO 
KM4 

4971 
M4 

41 
41 

-imi  II-  UajK.  Cake,  and  "  Mixe«l  Alkalica"  

M44 

MS 

4flff 

• 

MM 

*m 

4M4 

4 

•2.) 

jiuO  ii.,.  Ha ik'  Cake,  and  Hupc rphimphatc  of  IJmc,  and  "  Mixed  1 

Alkalirs   f 

M* 

BOM 

4711 

4 

MM 

47* 

— • 

N  •  Nitni>  of  Soila  in  W5a   bat  Sulphate  of  Potaaa,  and  Superphosphate  of  Una. 
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s  conseoutivs  Tears  on  the  same  Land — 1852,  6,3,  54,  55,  56,  and  1857. 
bed,  fierte.) 

sr  Acre — in  lbs. 


1857. 

Total 
(6  yean) 

Avenge 
AnnaaL 

Avenge  Annual  Increase  by  Manure. 

With  what  Standard  compared. 

sriea. 

n». 

1670 

us? 

It*. 
10,875 

10347 

Ibt. 

1819 

1708 

lbs. 

Over  Unmannred. 

1004 

10.561 

1760 

9640 

16.789 

9790 

1080 

umree,  only. 

1686 
1746 
1990 

10.779 
11,076 
12,071 

1798 
1846 
9019 

86 
86 
969 

Over  Unmannred. 
Over  Unmannred. 
Over  Unmannred. 

Over  Unmannred. 

1761 

11,809 

1885 

196 

both 

without  a 

nd  with 

direct  Ml 

beral  Manures. 

9766 
1965 

U4.808 
15,998 

19969 
1688 

1109 
778 

Over  Unmannred. 
Over  Unmannred. 

Over  "  Mixed  Alkalies  "  (Mo.  4). 

Over  Superphosphate  of  Lime  (No.  5). 

Over  Superphosphate  of  Lime,  and  "  Mixed  Alkalies  "  (Mo.  6.). 

Over  Mean  of  Mineral  Series. 

9400 
8000 
8190 

16,706 
19,049 
19,601 

9784 
8174 
8967 

988 
1898 
1965 

17.588 

9995 

1040 

;  both 

without  and  with  direct  M 

lneral  Manures. 

1690 
9685 
•715 

W.657 
19.146 
91,988 

18689 
8191 
8548 

1779 
1481 
1788 

Over  Unmannred. 
Over  Unmannred. 
Over  Unmanured. 

19,871 
99,888 
94.488 

8819 
8816 
4078 

1516 
1969 
9061 

Over  "  Mixed  Alkalies"  (Mo.  4). 

Over  Superphosphate  of  Lime  (Mo.  6). 

Over  Superphosphate  of  Lime,  and  "  Mixed  Alkalies  "  (Mo,  6). 

Over  "  Mixed  Alkalies  "  (Mo.  4). 

Over  Superphosphate  of  Lime  (Mo.  6). 

Over  Superphosphate  of  Lime,  and  "  Mixed  Alkalies"  (Mo. 6). 

[II! 

90^40 
91,790 
91,895 

8890 
8689 
8688 

1594 
1786 
1698 

8000 

91,844 

8570 

1686 

Over  Mean  of  Mineral  Series. 

t  Taken  for  6  yean  only. 


12  On  the  Growth  of  Barley  by  different  Manure^ 

Results  of  Experiments  on  the  Growth  of  Barley  by  different! 


Table  IV.— Total 


Exi*  ri 

MANURES. 

merits. 

(Quantities  per  Acre,  per  Annum.) 

1868. 

IS 

SIF 

■ 

lbs. 
8484 

1 
» 

2 

aono 

s 

8837 

a 

3 

3930 

41 

4 

Mixed  Alkalies  (Sulphates  of  Potanh.  Soda,  and  Magnesia?    .     .  . 

B406 

a 

f. 

8450 
4008 

9 
4 

M94 

• 

Skrirs  3.— With  Nitrogen  per  acre,  eq 

* 

H 

100  lbrt.  each.  Sulphate  and  Muriate  of  Ammonia,  alone 

4663 

4t 

<) 

10 

11 

100  Urn.  rarh,  Sulphate  and  Muriate  of  Ammonia,   and  "  Mixed 
100  Urn.  each.    Sntphate  and   Muriate  of  Ammonia,  and  Super. 
100  Ita.  tmeh.  Sulphate   and    Muriate  of  Ammonia,  and  Super 

[ 

f 

ill 

• 

C 

S 

4980 

a 

Skries  4.— With  Nitrogen  por  acre,  equ 

1*2 

i:t 

200  11m.  each.  Sulphate  and  Muriate  of  Ammonia,  alone       .    .  . 

•490 

« 
• 

11 

3000  It™.  Rape  Cake,  alone  

4MB 

• 

1ft 

200  lb*,  each.  Sulphate  and  Muriate  of  Ammonia,  and  "Mixed 
Alkalies" 

aooil«.  each.  Sulphate   and   Muriate  of   Ammonia,  and  Super 
300  11m.  each,  Sulphate  and   Muriate   of  Ammonia,  and  Suptr- 

M78 

ft 

If. 
17 

&an 

6714 

• 
c 

18 

9000  lb*.  Rape-Cake,  and  «•  Mixed  Alkalies  "   

4381 

« 

l:> 

'J000  lbs.  Rape  Cake,  and  Superphosphate  of  Lime  

47U 

c 

30 

2000  lbs .  Rape Cake,  and  Superphosphate  of  Lime,  and  "Mixed 

\ 

4796 

a 

Mean  

cut 

m 

'  No  Nitrate  of  Soda  in  1*03 ;  bnt  Sulphate  of  Potasa  and  Superphosphate  et  I 
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six  consecutive  Tears  on  the  same  Land — 1852,  53,  54,  55,  56,  and  1857. 
listed,  Herts.) 

saw  together),  per  Acre — in  Lbs. 


B- 

Total 

Avenge 

Avenge  Annual  Increase  by  Manure. 

(«  yean.) 

Animal. 

With  what  Standard  compared. 

iteries. 

ft* 

lbs. 
20,844 

lbs. 
8891 

lbs. 

am 

19,801 

8800 

mi 

30.078 

8840 

MM 

81,189 

6197 

1862 

Over  Unmannred. 

•Curares,  only. 

MM 

S49B 

78 

Over  Unmannred. 

MOB 

31,566 

8594 

249 

Over  Unman ored. 

4111 

28,567 

6H1 

Over  Unmannred. 

9714 

21.887 

8646 

808 

Over  Unmannred. 

i;  both  without  and  with  direct  Mineral  Manures. 

t  36439 

t  5298 

1881 

Over  Unmannred. 

iiw 

»,»70 

4729 

1884 

Over  Unmannred. 

«709 

80,986 

6066 

1688 

Over  "Mixed  Alkalies  "  (No.  4k 

an 

84310 

6719 

2126 

Over  Superphosphate  of  Lime  (No.  6). 

ms 

86,180 

6868 

1987 

Over  Superphosphate  of  Lime,  and  "  Mixed  Alkalies  "  (No.  6). 

M41 

81,884 

6819 

1670 

Over  Mean  of  Mineral  Series. 

•  ;  both  without  and  with  direct  Mineral  Manures. 

■06 

t  80,i*H 

t  6  lye 

2H63 

Over  Unmannred. 

34.765 

6794 

0449 

Over  Unmannred. 

87,272 

0212 

2867 

Over  Unmannred. 

H4.61S 

6768 

2880 

Over  "  Mixed  Alkalies  '  (No.  4). 

89.589 

6690 

2996 

Over  Superphosphate  of  Lime  (No.  5). 

7*4 

41,344 

G874 

2948 

Over  Superphosphate  of  Lime,  and    Mixed  Alkalies  "  (No.  6). 

*n 

85,888 

6N96 

2472 

Over  "Mixed  Alkalies"  (No. 4). 

tas 

87.W 

6806 

2711 

Over  Superphosphate  of  Lime  (No.  6). 

Hi 

87,798 

6800 

2874 

Over  Superphosphate  of  Lime,  and  "  Mixed  Alkalies  "  (No.  6). 

NO 

87,162 

6218 

2566 

Over  Mean  of  Mineral  8eries. 

t  Taken  for  6  yean  only. 
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Resi'  i/rs  of  Experiments  on  the  Growth  of  Babley  by  different  MaxttiiES:— nt 

(Ho»Iie 

Table  V.— Proportion  of  Tor 


Exi»ri  1 

MANURES. 

on 

ITH'Ilt*  1 

1 

(Quantities  per  acre,  per  Ann  am). 

1852. 

1853 

1851 

IK 

SERIES  l.-Gaf 

1 

«* 

441 

444 

47"« 

44-0 

451 

1 

454 

44-* 

a 

«  ! 

45-6 

4T* 

S 

KRIW  1  -1 

4 

Mixed  Alkalic  *  .Sulphates  of  Potash.  Soda,  and  Magnesia)     .    .  . 

45-0 

46-1 

49-8 

441 

Superphosphate  of  Tiime.  and  "  Mixed  Alkalies  "  

45*4 

46* 

47** 

45* 

47-0 

« 

Series  3.— With  Nitrogen  per  acr 

e.  equal  to  about  fc 

44*1 

4W 

100 11-s.  each  Sulphate  and  Muriate  of  Ammonia,  alone  .... 

44*9 

461 

441 

i> 

10 

100  11.-.  <-:i<  h.  Sulphate  and  Muriate  of  Ammonia,  ami  "  Mixed'-. 
100      crt<  li.  Sulphutc  an<l  Mnriatc  of  Ammonia,  and  Superphosphate! 

44-3 
41fl 

41*5 
45-2 

4*4 
4W 

n 

100 11-.  ( u<  h.  Sulphate  and  Muriate  of  Ammonia,  and  Superphosphate i 

4*1 

4*7 

4M 

4**8 

44-7 

4S1 

Sehiks  4.— With  Nitrogen  per  acre,  equal  to  abort 

4M 

411 

it 

JOO  11-  (nf  h.  Sulphate  and  Muriate  of  Ammonia,  alone  . 

458 

40-0 

4M 

14 

44-a 

483 

411 

IS 
17 

200  H-  rn«li.  Sulphate  and  Muriate  of  Ammonia,  and  "Mixed! 
■2f¥) !)»..  i-acli.  Sulphate  and  Muriate  of  Ammonia,  and  8nperphoapha(e| 
200  lb-.  <  ach.  Sulphate  and  Mnriate  of  Ammonia,  and  Superphosphate  i 

451 
4.V8 
44-3 

4*6 
48-4 
4*1 

4*0 
4*1 
191 

1* 
1* 

4*S 
4*6 

4*7 
4*9 

411 

41*0 

90 

anno  ii.k.  itApo  Cake,  and  Boperphoephate  of  Lime,  and  "  Mixed) 

4*7 

m 

4*0 

441 

4*t 

411 

'No  Nitrate  of  Soda  in  last;  but  Sulphate  of  Pot***,  and  Bnpei 

rphoaphmta  of  Lima 
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«r  six  consecutive  Tears  on  the  same  Land — 1852,  58.  54.  55,  56,  and  1857. 
unsteJ,  Herts.) 

in  100  Total  Produce. 


A  annul 

18*7. 

Will;  what  fltiftUid  oenptrafi* 

tn)  Sorted 

«r* 
n& 

its 

iri 

ITfi 

tf  fi 

11/ 

J 

iUnora,  only. 

tH 

Mi 

Iff* 

tn 

rj 
ri 

M 

o'j 

n 

Is?  botli  without  and  with  clfrret  Mineral  Manures?. 

!  «i 
•rt-n 

21 

Lta  than  Uumannral- 
Lcm  th&c  Unmuoml, 

Leu  tti*fl  ■  MU*d  ADuJtat"  |Nd.  1:. 
Lcuthu  taperpbofptuu  of  Una  <Xd,  li. 

Lew  Lban  Bopeiplimpnate  of  Line,        "  Mii&l  Alfc&Lk?    (Sfn,  Itfc 
LatUwilffuaf  Mineral  Scrim. 

*H> 
6l* 

Ml 

i  44-0 

i*i 

m 
it* 

Mil 

ii 

ii*:  bot 

h  withou 

r  sua  ml 

firs 
urn 

t  «-s 
'■  ■' 

■ 

is 
H 

4T 

Lcjm  than  Unmaxmrcd. 

L**  ih*,  flfii.erphixi.bate  of  Lime  (No  U 

L**-  than  Haperpborphaw  of  Lime,  and           AflaU**  «  (No.  m. 

Leu  than  ■  HUed  Alkalis*  ■  tfo,  fit 

Lw  tiuw  Soperpl»o.phate  of  Lime.  u4  "  K1*ed  AllaU» -  (Mo.  fiff 
LaamUwi  than  of  Miners  t  Scilai. 

fin 
Art 
fir* 

*ra 
fil'T 

S'JI 

n 

«-7 

*rs 

-32  '2 

91 

ii 

ft 

flu 

wt 

a  1  i 

vo 

t  Taken  for  6  Yean  only. 


1<>  0,1  Ike  Growth  of  Barley  by  different  Manure*,  to. 


Uesults  of  Experiments  on  the  Growth  of  Barley  by  different  Man  cm: - 

(Ho* 

Table  VI.— Propuitw 


meut*. 

MANURES. 
(Qmuititien  per  Acre,  per  Annum.) 

Dl  I 

1852. 

1863. 

llHjll 

Skrie? 

1 

yivAii  

Ml  9 

mi 

KNi 

9TS 

N7-4 

1 

!T4 

1 

Series  i- 

Mi\i.l  Alkalu*  » Sulphate*  of  Potash,  Soda,  and  Magnesia)  . 

Mean  

MM 

!•!.-, 

Sbuiks  3.- With  Nitrogen  |«r  acre,  w|iial  to  abort 

10 

ji 

]<*>  l'..-  .  u.  M.  ^nlphttU'  and  Mnriatt-  of  Ammonia,  alono  . 

Kv  H-    >  ,m  |i.  Sulphate  and  Muriate  of  Ammonia,  and  "  Mixedi 

11...      li.  sulphate  and  Muriato  of  Ammonia,  and  Superpho*  < 

pluili-  ill  l.imc  f 

10"  li>^  i  .uli.  Sulphato  and  Muriate  of  Ammonia,  and  Supcrpbon- 1 
1-1.  iC-  -  f  I-iiiu  .  an.l  •  Mixed  Alkalion      .......  I 

Ki"*S 

«31 
*.»-« 
HK-1 

»M 

■*7ii 

Ml  j 

Skkiks  4.  With  Nitrogen  pe  r  aero,  equal  to  about  t 

u 

1 ; 
11 

]' 

:: 

i 

hi 

'JO 

m>)  ii>-.  I'm-h.  Sulphatt-  and  Muriate  of  Ammonia,  alone  . 

JiX)  Hi-,  cub,  hulphato  and  Muriate  of  Ammonia  and   "  Mixed  1 

■jiXt  li>v  nu  ll.  Sulphate  ami  Muriato  of  Ammonia,  and  Super  ) 

pho-phat«-  ijf  Lime  J 

jou  U>.-.  i  mli,  Sulphate  and  Muriate  of  Ammonia,  and  Super) 

.-000  lt>s.  Kap#-  Cake,  ami  Superplio*|ihate  of  lime,  and  "Mixed) 

HB-0 

»a 

WD 
I*r5 

9W 

H7-0 
«■* 
HO-8 

*H> 
»«-4 

»«ri 
»l* 
Wi 

«r0 

WO 

MT1 

«-o 

Mt-0 

1*1 
MT1 
W* 

vom 

«7-f« 

tl-9 

'  Nn  Nitrate  of  Boda  in  1*63;  but  Sulphate  of  Potaw.  and  8i 


of  Una. 
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ecu  tire  Yean  on  the  same  Land— 1852,  58,  54,  55,  56  and  1857, 
rts). 

in  100  Total  Corn. 


traffe 

Difference  according  to  Manure. 

toad. 

Percent. 

With  what  Standard  compared. 

0-5 

ro 

It 

r7 

3*5 

More  than  Unmanored. 

ttly. 

2-4 

It 

More  than  Unmanored. 

47 

8-5 

More  than  Unmanored. 

4-1 

2-9 

More  than  Unmanored. 

r7 

8-5 

More  than  Unmanored. 

ttbout  and  with  direct  Mineral  Manure*. 

1*8 

0-6 

More  than  Unmanored. 

0-8 

0*4 

Leas  than  Unmanored. 

<r« 

1*8 

Less  than  "  Mixed  Alkalies  "  (No.  4). 

*5 

2-a 

Leaa  than  Superphosphate  of  Lime  (No.  5). 

It 

Leas  than  Superphosphate  of  Lime,  and  "  Mixed  Alkalies  "  (No.  6). 

a-7 

2-0 

Leaa  than  Mean  of  Mineral  Series. 

ithout  and  with  direct  Mineral  Manures. 


wo 

>l-8 


*T0 
M-4 
91-7 


0*4 
10 
It 


88 
41 
2-8 


0-4 
8*8 
2-4 


More  than  Unmanored. 
Less  than  Unmanored. 
More  than  Unmanored. 

Leas  than  "  Mixed  Alkalies  "  (No.  4). 

Leaa  than  Superphosphate  of  Lime  (No.  5). 

Leaa  than  Superphosphate  of  Lime,  and  "  Mixed  AJkaliea  "  (No.  8). 

Leaa  than  "  Mixed  Alkalies"  (No.  4). 

Leas  than  Superphosphate  of  Lime  (No.  5). 

Leas  than  Superphosphate  of  Lime,  and  "  Mixed  Alkalie*  "  (So.  6). 

Leas  than  Mean  of  Mineral  Series. 


t  Taken  for  5  years  only. 
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Results  of  Experiments  on  the  Gbowth  of  Barley  by  different  MastjeJ*--* 

Table  VII.— Weight  pet  Be 


Kxjm  ii- 
m  cut*. 

MANURES. 

C 

(Quantities  per  Acre,  per  Annum.) 

1862. 

185S.|lUi' 

Series  L-< 

1 

5*1 

50T» 

W1 

51TD 

509 

an 

62-6 

50-9 

w 

59"7 

51* 

599 

Sibjb 

Mixed  Alkalies  i8ulphate»  of  Potash,  Bode,  and  Magnesia)       .     .  . 

59-5 

51-y 

55* 

53* 

54* 

Superphosphate  of  Lime  and  "  Mixed  Alkalies  "  

51*5 

59-1 

54* 

53* 

59* 

5T9 

Series  8.— With  Nitrogen  per  acre,  equal  toil 

51-8 

59i 

loo  lii-.  tm.li.  Sulphate  and  Muriate  of  Ammonia,  alone      .    .    .  . 

50-7 

59-4 

591 

10 

n 

100  n>-.  .ach,  Sulphate  and  Muriate  of  Ammonia,  and  "Mixed) 
ICO  lbs.  each.  Sulphate  and  Muriate  of  Ammonia,  and  Super-) 
100  it'.-,  inch.  Sulphate  and  Muriate  of  Ammonia,  and  Super-) 

50-  9 
60-5 

51-  4 

53* 
59-5 
6M 

Stf 
541 

541 

50-9 

59-4 

or 

Series  4.— With  Nitrogen  per  acre,  equal  to  ab 

\i 

.V*)  U>».  N  it  rate  of  Soda,  alone  

4tn 

59- 

1  : 

49-1 

51-9 

tr 

11 

51-S 

39- 

1.1 
lii 
17 

•jx>  lbs.  each.  Sulphate  and  Muriate  of  Ammonia,  and  "  Mixed 

Alkalies"  

•200  \\>3.  •  ach,  Sulphate  and  Muriate  of  Ammonia,  and  Super* , 

■200  1>h.  f  ach.  Sulphate  and  Muriate  of  Ammonia,  and  Super-  , 

50*6 
49*5 
60* 

51-9 
51*7 
514 

3* 

59 
59 

lr« 

U1 

515 

a 

l!» 

n* 

51* 

at 

») 

-2000  lbrt.  Rape  Cake,  and  Superphosphate  of  Lime,  and  "Mixed) 

51*4 

•0-4 

at 

301 

511 

at 

'  No  Nitrate  of  Soda  in  1859;  hut  Sulphate  of  Potass,  and  Bvperphoaphnfc)  of  Llama. 


On  the  Growth  of  Barley  by  different  Manures,  <tc. 

Ax  consecutive  Tears  on  the  same  Land — 1852,  53,  54,  55,  56,  am 
(ted,  Herts.) 

BED  Corn — in  Lbs.  and  Tenths. 


Difference  according  to  Manore. 

m. 

Annual. 

With  what  Standard  compared. 

farlea. 

Wl 

61-J 

ITS 

M-l 

sn 

51*9 

Wl 

82-0 

Ol 

More  than  Unman  ured. 

annrea,  only. 

n-s 

540 

o-i 

More  th#«  Unmanored. 

51-8 

Ol 

Leas  than  Unmanored. 

JTT 

51? 

Same  as  Unmanored. 

BTO 

51-9 

Same  as  Unmanored. 

both  without  and  with  direct  Mineral  Manures. 

m 

t  SID 

Same  as  Unmanored. 

lit 

515 

0-4 

Leas  than  Unmanored. 

*1 

61*8 

0-6 

Less  than  '  Mixed  Alkalies   (No.  4). 

Ml 

61-5 

0-8 

Less  than  Superphosphate  of  lime  (No.  5). 

M-T 

52-0 

o-i 

Less  than  Superphosphate  of  lime,  and  "  Mixed  Alkalies  "  (Mo.  6). 

srt 

MT 

OH 

Less  than  Mean  of  Mineral  Series. 

both  without  and  with  direct  Mineral  Manures. 

fro 

t  60-9 

1-0 

Less  than  Unmanored. 

tro 

SO"? 

l-a 

Less  than  Unmanored. 

sr* 

60-9 

10 

Less  than  Unmanored. 

ftD 

80-7 

1-8 

Less  than  "Mixed  Alkalies"  (No  4). 

60-6 

l-a 

Less  than  Superphosphate  of  Lime  (No.  6). 

ITS 

60-4 

1'5 

Less  than  Superphosphate  of  Lime,  and  "  Mixed  Alkalies   (No.  6). 

Ml 

511 

QT9 

Less  than  "Mixed  Alkalies"  (No.  4). 

ITS 

511 

0-6 

Less  than  Superphosphate  of  Lime  (No.  5). 

Ml 

1.3 

Less  than  Superphosphate  of  Lime,  and  "  Mixed  Alkalies  "  (No.  ft 

art 

50-8 

1-1 

Less  than  Mean  of  Mineral  Series. 

t  Taken  for  5  years  only. 
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On  the  Growth  of  Barley  by  different  Manures,  &c. 


Results  of  Experiments  on  the.GR0WTH  of  Barley  by  different Mantjees:- 

(Hoos- 

Table  VIII.— Mean  Results  of  each  Characteristic  Manube.otCl 


i 

General  Description  of  Manuring. 

J! 

u 

1851 

Drc«od  Orn  p 

T'nnianurcil  (M.an  of  rnmanurcd.  and  Clay  and  Weed  Ashes) 
l'aum;inl  Mam.r.  1 11  tons  per  Acre,  per  Annum)  . 


Mean  l  v  Mineral  Manure**,  only  

Moan,  with  Nitrogen—  no  lb».  Ammonia,  per  Acre  per  An.  (both  without  *  with  Mineral*  > 
Mian,  with  Nitnxi n-100  lb».  Ammonia,  per  Acre  per  An.  (both  without  4  with  Minerals: 


0  0 


»  01 
*  0 
40  1 


Umnanurr  <l  Mean  of  I'mnanurcd,  ami  Clay  and  Weed  Ashes) 

KiirinMuil  Manna  '11  ton*  per  Acre  per  Annum)       .  . 


Mean  )>\  Mim-ral  Manure*,  only  

M.an.  with  Nitroum-  uO  11*.  Ammonia,  per  Acre  per  An.  (i»oth  without  i  with  Minerals 
Mi  an,  with  Niiifucn=100  lbs.  Ammonia,  per  Acre  per  An.)  (both  without  4  with  Mineral*) 


Wtl 


Total  S 


rnnmnnrol  (Mean  of  Vnmanured.  and  Claj  and  Weed  Ashe?) 
Fann\  aril  Manure  U 1  tons  per  Acre,  per  Annum)  ... 


\  Minnal  Manure*,  only  

ivitli  Nitrog.  n=  .v)  11>».  Ammonia,  per  Acre  per  An.  (loth  without  A  with  Mineral*) 
t'  .i  h  Nurom  n=100  lbs.  Ammonia,  per  Acre  per  An.  (both  without  &  with  Minerals 


5nK 


Total  Proilucr  { 


I  nmatiim  (1  rM.-an  of  rnmanurcd,  anil  Clay  and  Weed  Ashes) 
Fann\ anl  Munurt.  U4  tons  per  Acre  per  Annum)  . 


M«  an  hv  Mineral  Manures,  only  

M<  an.  witii  Nitrogen^  no  llw.  Ammonia,  per  Acre  per  An.  (both  without  &  with  Minerals 
Mian,  with  Nitrogen-loo lbs.  Ammonia,  per  Acre  per  An.  (both  without  4  with  Minerals! 


KM 
41* 


Proportion  of  1 


1    I'ninaimii  il  'Moan  of  T'nmannrcil,  and  Clav  and  Weed  A«he«l  iff* 

Karnnar.l  Manure \U  ton*,  per  Acre,  per  Annum)  ITU 


M..ti  I'V  Mini  ml  Manure*,  only  

Mian,  with  Nitrogen  =  .v»lim.  Ammonia,  per  Acre  per  An.  (both  without  &  with  Mineral*) 
Mi  an,  with  Nitawjen   100  lb*.  Ammonia,  per  Acre  per  An.  (both  without  &  with  Minerahf 


441 
491 


Proportion  of  Dn 


T'limanurcrl  Mean  of  l.'nnianured.  and  Clay  and  Weed  Ahhcs) 
t  uim  vai.l  Manure  (14  tons  per  Acre,  per  Annum)    .    .     .  . 


M«an.bv  Mineral  Manures,  only  

Mum.  with  Nitrogen-?  M  lbs.  Ammonia,  per  Acre  per  An.  (both  without  *  with  Mineral*) 
M<un.  with  Nitritfi-n -100  lt«.  Ammonia,  per  Acre  per  An.  tboth  without  *  with  Mineral*) 

Mean  


n-s 
m 


ait 

an 


Weight  per  Bubd 


rnmnnnrcd  (Mean  of  Unmannred.  and  Clay  sod  Weed  Ashea) 
Karnnani  Manure  (U  tons  per  Acre,  per  Annum)  .    .    .  . 


Mean,  by  Mineral  Manures,  only  ,    •    .  • 

Wean,  with  Nitrogen*  SO  11m.  AauYia&Va,  wet  Xcia  D*t  Ka.  (both  without  4  with  ] 
Mean  with  Nitrogen^lOO  Iba.  Ammonia,  pet  Ken  pw  Ksi.        Tt&oofc    with  ] 
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six  consecutive  Tears  on  the  same  Land — 1852,  58, 54, 55,  56,  and  1857. 
Dated.  Herts.) 


I,  for  each  of  the  separate  Tears  ;  that  is,  comparing  Season  with  Season. 


BACH  TEAB. 

Total 
(6  Yean). 

Average 
Annual. 

Average  Annual  Increase  by  Manure. 

1 1855.  |  1856.  |  1857. 

|          With  what  Standard  compared. 

Blsasd  Peck*. 

sa 

15  Oft 
88  0) 

80  » 
51  It 

167  8t 
969  1 

98  0 
48  0J 

15  Of 

Orer  Unmannred. 

Over  Unmannred. 

Over  Mean  of  Mineral  Series. 

Orer  Mean  of  Mineral  Series. 

si 

18  Oft 
96  9 
84  H 

86  0 
48  91 
59  8f 

190  It 
958  3§ 
989  8ft 

81  9| 
49  9 
47  Oft 

10  8* 
15  1| 

a  at 

96  8 

45  0 

990  8 

88  9 

H-Lbs. 

1834 

iws 

AW 
1666 

1670 
2916 

9,512 
14.448 

1585 
9407 

899 

Over  Unmannred. 

Orer  Unmannred. 

Over  Mean  of  Mineral  Series. 

Over  Mean  of  Mineral  Series. 

1966 
2694 
9686 

W7 
1660 
1864 

1981 
2689 
8889 

10,679 
14^96 
15.816 

1768 
9894 
9648 

178 
(ttl 
880 

1879 

2511 

12,936 

9158 

ar  Acre— 

-Lbs. 

10*4 
•087 

ion 

2210 

1604 
9649 

10.661 
16.789 

1760 
9790 

1080 

Over  Unmannred. 

Over  Unmannred. 

Over  Mean  of  Mineral  Series. 

Over  Mean  of  Mineral  Series. 

Hi 

1090 
21K1 
8917 

1788 
9(169 
8600 

11.809 
17.588 
91,844 

1886 
2995 
8670 

126 
1040 
1686 

1989 

9488 

16,498 

2586 

ogetfaer)  per  Acre— Lbs. 

55 

1918 
8860 

8988 
6604 

90,078 
81,189 

8845 
5197 

1859 

Over  Unmannred. 

Over  Unmannred. 

Over  Mean  of  Mineral  Series. 

Over  Mean  of  Mineral  Series. 

K70 
9100 
6718 

1907 
8781 
6071 

8714 
5841 
6840 

91,887 
81.864 
87,169 

RB48 
5*19 
0918 

808 
1670 
9665 

m 

sail 

4948 

98.488 

4744 

Vital  Prod  ace. 

so* 

471 

46*9 
49-8 

619 
47-8 

474 
455 

1-9 

Less  than  Unmannred. 

More  than  Unmannred. 

Less  than  Mean  of  Mineral  Series. 

Less  than  Mean  of  Mineral  Series. 

fOD 

45'5 
40-1 

48*1 
41*6 
86^0 

61-9 
60-8 
48-8 

48-  8 
44-9 

49-  4 

0-9 
8*4 
5-9 

46-e 

481 

60-0 

457 

total  Corn. 

94*6 
Ml 

86-0 
91-6 

94-8 
96*4 

919 

98-7 

2-5 

More  than  Unmannred. 

More  than  Unmannred. 

Less  than  Mean  of  Mineral  Series. 

Less  than  Mean  of  Mineral  Series. 

08-0 
04D 
St* 

90-8 

88*6 
88-9 

98-1 
96-4 
966 

98-7 
917 
91-1 

25 
2-0 
9-6 

04*7 

88-7 

96'5 

92-8 

As.  and  Tenths 

srs 
sro 

40*8 
47-1 

69-9 
64-1 

51-9 
52"0 

o-i 

More  than  Unmannred. 

st-s 

A* 

S0-1 

47-8 
4*0 
46*8 

58-0 
561 
68*8 

51-0 
51T 
50-8 

01 

ri 

Same  as  Unmannred. 
l^th»»Mesaall«r«rA%«t^ 

its  i 

** 
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Results  of  Experiments  on  the  Growth  of  Barley  by  different Manums:- 

(Hoot-F 

Takle  IX.— Mean  Annual  Resultr  of  each  of  the  difl« 


UK  OH 

iQiumtitiM  per  Ack  jkt  Annum i 

P*OTCITLiEl  fl!  96 

Total 

Cora,  kn 

PftJpW- 

£i 

Li*  Ti-lii 

Cod 

| 

[i 
1 
i 
i 

1 

n 

M^iuirK  ,     :     ,  . 

»n.»,iMi-ekyM,iwetiiAJihcs     ,    .  .  

I 

Mixed  M*A\m  «sii]ph*te.of  mm*,  s*u,  ud  M^amttl  

"Jli nu  or  Lime  ♦ 

■n.N..,.l,iitc  nf  Lime  »nd  •  MIxrf  Alk.ile*  

M«Ufl  •      ■       .      .  * 

•Ml 

JB-i 
KT 
*»l 

<r: 

Skries  3.- With  Nitrogen  per  acre,  rqo 

si  to  ib<* 

n 

Uhtll  -.Hi  f.  .  Sulphite  Md  Unrlau  of  Ammonia.  .Inoc  ...... 

|<1<t  l|p»             SuhiliHc    ttrinl    AlnrLitf   nf    Arotnohl.>   bail    "  Mlscd  > 
:i    ,        (ftlpuMe  anil  Mnrlnit  >.f  Anununta,  ami  5up*-niu<vph.t* ' 

Maui  ,  

90* 

IP* 

»t 

Ml 

tc.  equal  W*^* 

1:! 

ti 

h 
lij 

17 

1- 

|i| 

an 

v,.|U.  \Hmm  hi  Mfc  .lone  

»  >'  *.lpliMe«id  Vnri*«ot  Amraoni*.  .lorn  

9t|  Ui-    4          Sulphate    uil   afnrinlc    of    Ammonia,    and   "  Mtitdi 
.     .     ,                                                             j     .  f 

Am  II.  .    h  .u-Il    Sn.tph.ta  iml  Hiuiate  Oi  Ammonia,  ami  Superphix  phaie  i 

i4  1  i""  -  

.in  H i  ni-hi  SMl]ih»ta  and  Muriate  of  AtnmMTita,  and  SuprrphOtpMto 1 

*>1  l-Kiir-  n-iinl,  ■  Mixed  AlkaMca"      ,  Ii###lkp.J, 

J5>'  UN  IU|*r  Cakr.  ami  Hnperrh .j-nhdl*  ot  Llm«  

*rr 

*m 
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nsecutive  Tears  on  the  same  Land— 1852,  58,  54,  55,  56,  and  1857. 
Herts.) 

king  for  each  the  average  of  six  Tears. 


Pabtxculabs  or  Quantity. 

al  Produce 
re). 

Average  Annual  In- 
ereMe,  where  Mine- 
ral Manures  are  cm- 
ptored.  compared 
with    equal  other 
conditions,  wlthoat 
them. 

Average     Annual  In- 
crease, where  Nitrogen 
is  added    in     Man  ore, 
compared    with  equal 
other  conditions,  with- 
out it. 

Average  Annual  Total 
Increase   by  Manure 
over  the  Standard  Un- 
manured. 

Straw. 

Total 

Produce. 

Com. 

Straw . 

Total 
Produce. 

Corn. 

Straw. 

Total 
Produce. 

Corn. 

Straw. 

Total 

Produce. 

Um. 
1H13 

1708 

lbs. 

8891 
8800 

lb«. 

lb*. 

lb*. 

lbs. 

lbs. 

lbs. 

lbs. 

892 

lbs. 
1060 

lbs. 
1853 

1760 

8845 

9790 

5197 

j,  only. 

1796 
184G 
9012 

8428 
8594 
8930 

43 

168 
829 

86 
86 
353 

78 
949 
581 

42 

103 
820 

8G 
80 
969 

78 
349 
681 

1885 

8648 

178 

125 

80S 

178 

135 

808 

wlthou 

t  and  w 

ith  dl 

rect  Mineral  Mi 

inurea. 

9862 
2638 

639S 
4729 

779 
606 

1103 

778 

1881 
1884 

799 
600 

1103 
778 

18H1 
1884 

27*4 
8174 

8967 

50SG 
5719 
5*08 

81 
854 
405 

346 

686 
729 

897 
990 
11S4 

645 

7V7 
682 

988 
1398 
1255 

1038 
3125 
1987 

0*7 
POO 
1011 

1024 
1414 

1507 

1711 
3874 
2518 

3933 

5819 

2H0 

687 

817 

710 

1090 

1793 

800 

1165 

1974 

withoi 

it  and  with  direct  Mineral  Manures. 

8883 
8101 
854« 

019M 
6794 
0212 

1081 
1018 
1079 

1778 
1481 
1788 

2858 
2449 
2867 

1081 
1018 
1079 

1772 
1481 
1788 

'JHM 

3449 

3807 

8812 
8*13 
4078 

5768 
6590 
6H74 

-102 
173 
198 

131 
634 
882 

—41 

796 
1080 

814 

1027 
887 

1510 
19G9 
8001 

3880 
3990 
2948 

856 
1190 
1216 

1533 
9055 
9818 

3408 
8345 
8529 

8890 
•683 
8088 

6805 
6805 
6800 

-150 
9 
—9 

—158 
84 
90 

-617 
98 
88 

878 
935 
748 

III 

3472 
9711 
9874 

930 
1088 
1077 

1680 
1879 
1877 

9550 
9960 
9056 

8670 

6318 

9 

974 

988 

940 

1737 

9667 

1058 

1810 

9868 

2i 
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It  not  unfrtMjuently  happens,  too,  that  some  passing  abnormal 
conditions,  may  affect  the  crop  more  strikingly  tlian  from  the 
registry  of  characters  for  a  period  would  be  traceable— uiikffl 
with  tiic  aid  of  coincident  careful  olxservation,  and  consideration 
of  the  stajre  of  progress  and  tendencies  of  growth  at  the  time,  of 
the  crop  il<elf. 

Still  some  broad  features  of  climatic  influence  may  usefully  k 
indicated  in  connection  with  the  very  different  amounts  and  cha- 
racter of   produce  obtained  under  equal  supplied  conditions  in 
the  M.'veral  seasons.    To  make  these  more  intelligible,  it  will  to 
well  to  bring  to  one  view  from  the  Tables,  some  few  statements 
of  i  plan  til  y  and  quality  of  produce,  illustrative  of  the  effect*  on 
the  crop  of   the  different  seasons.    This  is  done  in  the  slmrt 
Summary    Table,  No.  X.,  which    follows.     Perhaps    upon  the 
whole,  the  produce  obtained  year  after  year  by  a  pretty  complete 
purely  mineral  manure,  is  open  to  as  little  exception,  taken  as » 
measure  or  representative  of   the  intrinsic   influence  of  senN 
up.Mi  the  crop,  as  that  under  any  other  individual  condition  »rf 
manuring  which  our  series  includes.    Accordingly  the  result*  vf 
the  Mixed  Mineral  Manure,  No.  VI.,  are  selected  for  this  pur- 
pose :  and  in  the  Summary  Table  (Xo.  X.),  is  given  each  of  nUT 
enumerated  characters  of   quantity  and  quality  of   the  pr^lm* 
by  i  he  manure  in  question,  in  each  of  the  six  years  of 
experiments. 

Table  X. 

Suo\viN(;  the  Quality  and  Quantity  of  the  produce  of  Barley,  by  a  *ttl1 
imrely  Mineral  Manure,  in  each  of  the  six  Seasons. 


The  examination  of  this  Table  will  show  the  actual  and  «-*°^L 
parativc  influence  of  the  respective  seasons,  upon  the  s*^ve^ 
di Herei it  characters  of  the  produce  recorded.  It  is  seen  ft*  z 
trlaiuc,  tlmt  no  one  season  carries  with  it  high  condition  on  e"*"0'* 
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character  of  quality  and  quantity.  A  clearer  perception  of  how 
ever-varying  are  the  mutual  adaptations  of  climatic  character  to 
stage  and  tendency  of  development  of  the  plant,  will  however  be 

S'ned  by  looking  at  the  results  in  a  somewhat  converse  form, 
us,  in  Table  XL,  for  each  particular  of  quality  and  quantity 
of  produce,  the  years  themselves  are  arranged,  in  the  order  in 
which  they  severally  afford  the  highest  result. 

Table  XI. 

Obdeb  of  the  Seasons  in  influencing  the  several  characters  of  the  Quality 
and  Quantity  of  the  Pboduce  of  Barley,  grown  year  after  year,  by  purely 
Mineral  Manures. 


M- 

■J]  I.J, 

ant 

r.\  . 

■■Lli. 

T*w  twist,  u  1  Proportion  of  Total  Can  ta  Jt»  Total  Produce 
bt  1  Ptwport3oB  of  Unwed  Cora  In  100  Tut»l  Cflrn. 

SmuUfcry  of  Dixit*  tar  Quality  of  Produce  . 

58S»T ISHSSSU  in  im*,i 
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1N87 

1WW 
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HI 
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M 

Summary  of  Order  for  both  Quality  and  Quantity  ) 
of  Produce  \ 


From  these  two  Tables  we  gather  (and  the  indication  is  upon 
the  whole  borne  out  by  the  produce  of  the  other  manures),  that 
although  1854  was  the  year  of  considerably  the  highest  actual 
amount  of  corn  as  well  as  straw — that  is,  the  year  of  highest 
quantity — it  gave  by  no  means  a  relatively  high  proportion  of 
corn.  In  respect  to  the  latter  point,  of  the  other  seasons,  1857 
and  1855  stood  considerably  higher  than  1854.  It  is  at  once 
seen  on  the  other  hand  that,  of  all  the  years,  1856  was  strikingly 
the  worst  in  every  point,  l>oth  of  quantity  and  quality,  excepting 
the  one  of  proportion  of  total  corn;  and  it  may  l>e  mentioned, 
that  even  in  this  it  was  eo,  where  nitrogenous  manures  were 
employed. 

Setting  our  standard  of  qualities  of  Fca?on  for  tendency  to  torn, 
rather  than  for  the  production  of  bulk  of  total  produce — with 
which,  under  high  farming,  there  would  seldom  be  the  highest 
either  actual  amount  of  corn,  or  proportion  of  it  to  the  manure 
employed — it  may  be  said  that  high  character  involves  generally, 
during  the  later  periods  of  growth,  high  relative  temj)erature, 
with  this  a  high  range,  a  limited  amount  and  distribution  of  rain, 
and  high  relative  degree  of  Imrometric  pressure.  So  far  as  general 
coincidence  on  these  more  prominent  points  is  concerned,  both 
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1857  and  1855,  the  years  (particularly  the  former)  of  high  pro- 
portion of  corn,  stand  higher  in  the  meteorological  registry  than 
1854,  which  was  the  year  of  largest  total  produce,  both  corn  and 
straw,  and  of  highest  weight  per  bushel  of  corn.  The  characters 
of  season  favouring  quality  and  quantity  respectively,  are  indeed 
in  a  certain  degree  opposite;  and  the  high  actual  amount  of 
corn  in  1854,  was  due  rather  to  enormous  general  growth,  suc- 
ceeded by  pretty  favourable  maturing  conditions. 

The  characters  of  the  season  of  1854  were  indeed,  almost 
throughout,  much  more  those  of  continuity  and  bulk  of  growth 
than  of  special  tendency  to  seeding.  Thus,  the  seed  was  put  in 
rather  earlier  than  in  any  of  the  other  years — April  was  com- 
paratively warm,  with  little  though  distributed  rain,  and  a  moist 
atmosphere — May  had  scarcely  average  temperatures,  a  moist 
atmosphere,  a  very  large  fall  of  rain,  and  a  large  number  of  rainy 
days — June  averaged  very  low  maximum  temperatures,  and  had  a 
very  small  range  of  temperature,  a  moderately  moist  atmosphere, 
and  not  much  amount,  but  considerable  distribution  of  rain—July 
averaged  rather  low  temperatures,  had  only  a  moderate  amount  and 
distribution  of  rain,  and  not  much  moisture  in  the  atmosphere. 
Lastly,  August  commenced  with  low  temperatures,  had  then  for  a 
period  only  moderate  and  even  low  temperatures,  but  concluded 
with  higher  ones ;  it  had  a  large  amount  of  rain  in  the  earlier,  a 
small  amount  in  the  intermediate,  and  still  less  in  the  later  periods, 
also  almost  throughout,  a  moderately  dry  atmosphere — thus  giving 
conditions  of  further  growth  almost  up  to  the  last,  and  finally, 
favourable  maturing  characters.  Taking  the  season  of  1854  as  a 
whole  then,  we  have  a  long  and  almost  unbroken  period  favouring 
extended  growth,  and  finally,  good  conditions  of  ripening.  The 
result  is  an  enormous  bulk  of  total  produce,  and  though  the 
largest  actual,  nearly  the  smallest  proportional  amount  of  corn. 

Let  us  take  another  extreme.  Tables  X.  and  XI.  show  that 
1850  was  the  worst  of  all  the  years,  for  almost  every  point,  both 
of  quality  and  quantity  of  produce.  Its  vicissitudes  were  very 
great.  April  was  moderately  warm  and  wet — May  had  comp&W" 
tively  very  little  warm  weather,  its  amount  and  distribution  of  rain 
were  very  large,  but  the  atmosphere  was  frequently  comparatively 
dry — June  reached  both  high  and  very  low  temperatures,  had  a 
considerable  mean  range  of  temperature,  not  much  amount,  and 
limited  distribution  of  rain,  but  frequently  a  very  moist  atmos- 
phere— July  again  reached  comparatively  very  low  temperatures, 
had  a  more  than  average  range,  considerably  below  the  average 
fall  of  rain,  yet  a  moderate  average  amount  of  moisture  of  atmos- 
phere. Finally,  August,  the  ripening  month,  in  its  first  week 
reached  both "  very  high  and  very  low  temperatures,  giving  w 
enormous  range,  and  had  very  little  rain;  in  its  second  week, 
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ugust  had  again  very  high  maximum  temperatures,  but  some- 
hat  high  minimum  also,  giving  a  high  mean,  and  still  a  com- 
uratively  high  range,  and  its  fall  of  rain,  though  small,  was 
isfcriboted;  in  the  third  week  the  mean  maximum  temperatures 
ere  unusually  low,  and  the  minimum  moderately  so,  giving  low 
>th  mean  and  range,  there  was  more  or  less  rain  every  day,  and 
very  large  total  fall;  and  lastly,  the  fourth  week  again  averaged 
nry  low  maximum  temperatures,  but  not  low  minimum,  and  had 
at  a  small  fall  of  rain,  whilst  almost  throughout  the  month  there 
as  a  good  deal  of  atmospheric  moisture.  Thus  then,  with  some 
jry  high  maximum,  and  some  very  low  minimum  temperatures 
aring  the  first  half  of  the  month  (which  was  the  last  fortnight  of 
rowth  of  the  standing  crop),  little  rain,  but  frequently  a  moist 
iimosphere — then  followed  at  the  time  of  cutting  with  very  low 
imperatures,  a  very  excessive  fall  of  rain,  and  still  a  moist 
tmosphere — we  had  a  laid  and  sprouted  crop.  This  season  of 
856 "was  then  one  of  very  great  vicissitudes,  almost  throughout 
he  important  stages  of  the  progress  of  the  plant.  Hence,  as 
Cables  X.  and  XI.  show,  and  as  presently  will  be  further  seen, 
re  had  the  worst  crop  of  any  in  the  series,  in  every  point,  lx>th 
f  quality  and  quantity  of  the  produce. 

Tnese  few  statements  of  the  characters  of  the  seasons  most 
atrasted  in  their  effects  upon  the  crop,  will  at  any  rate  serve 
direct  the  mind  of  the  reader  upon  the  subject,  and  thus  pre- 
the  way  for  a  consideration  of  what  are  the  actual  amounts 
Tariation  in  the  quantity  and  quality  of   the  produce — with 
i«l  conditions  supplied  at  the  cost  of  the  farmer — due  to  that 
-^Dntrollable  influence,  Vie  weather. 

discussing  then  the  actual  amounts  of  variation  in  the  quality 
L  quantity  of  the  produce  dependent  upon  variation  of  season, 
<^*re  going  to  that  more  peculiarly  due  to  manvrimi,  the  Sum- 
fjr  Table,  No.  VIII.,  will  afford  the  facts  for  our  illustration, 
have  in  that  Table  the  mean  produce  for  each  of  the  years, 
each  of  five  characteristic  conditions  of  manuring,  so  that, 
^ogh  not  just  now  considering  for  themselves  the  effects  of  the 
^rent  manures,  we  shall  nevertheless  see  to  what  extent  the 
£^«ctive  seasons,  compared  one  with  another,  maintain  any 
'^actcristic  influence  upon  the  crop  under  widely  differing  con- 
L^Dns  of  manuring. 

—cooking  first  to  the  mean  unmanured  produce,  it  is  at  once 
^rved  that  we  have  in  some  of  the  seasons  twice  as  much, 
'V*  of  corn  and  of  straw,  as  in  others.  Thus,  the  total  un- 
**ured  produce  (corn  and  straw  together)  is,  in  the  very  bad 
^on  of  1856,  only  1918  lbs. ;  whereas  in  1854  and  in  1855  it  is 
than  twice,  and  in  the  other  three  years  nearly  twice  as 
^"h.    The  amount  of  dressed  corn,  without  manure,  in  1856, 
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i.p.ly  i:»  bushels,  and  the  weight  per  bushel  was  under 
:><>  11k.  In  1*;»7  we  had,  without  manure,  30J  bushels,  with  a 
uvinhr.  «,.f  .')L'}  11  is.  per  bushel:  in  1S54,  34^  bushels,  with  534  Hfi. 
weight  per  l»ii-li'  l:  in  nearly  35  bushels,  of  52  £  11k.  weijrht 

i  iH.-i  in  1  >:,l'  and  1*53  from  '2i\  to  27  bushels,  with  52£  and 
r» l  lis.  weight  \k-t  bushel  res]>ectively  Again,  in  1S57  and 
1  s.V>,  ill.-  MMMtns  favourable  to  corn -yielding,  we  had  50  to  ">1 
I M-r  emit,  m  corn  in  total  produce;  and  in  the  other  years  there 
\u<  mily  in  nn  15  to  47  per  cent.  The  proportion  of  corn  was 
i h«?  in  1*51,  the  year  of  heaviest  produce,  and  in  185(5  the 

<>!,.■  "t  liiriuest  produce,  and  also  of  greatest  inferiority  in  ever? 
nihrr  iv-[.< m.  The  pru]Kjrtion  of  corn  dressed  out  as  offal  was 
ai-o  iii-  i-'  i  i uiii  twice  as  great  in  1*0(5,  and  in  the  comparatively 
inf< .■!•!. »i-  -<  :i-«>ii  l*5:j,  as  in  cither  of  the  favourable  seasons  1857, 
1. «»r 

A  further  inflection  of  Table  YIII.  will  show,  that  the  same 
vjenmal   nlation   of   the  seasons  to  one  another  as  regards  the 
n*  1. 1 :  i  \  *  *   ijiiiuiiiiv   and   quality   of  the  produce  they  yielded  i» 
i r; n '.  ii.it.'  miller  the  very  various  conditions  of  manuring,  as  vith 
ih.    minimiuvd  erop.    It  is  true  that  with  heavy  manuring, the 
w.»ise   pi-.'pi.nionally.  is  the  effect  of  adverse  season.     But  the 
general  iv.Milt  still  remains,  that  the  seasons  keep  their  jiositiou 
in  iv;;itimi  t* >  one  another  almost  unchanged,  whatever  the  tf,n" 
'lit ion  <>t   manuring,  even  though  the  actual  amount;  of  prod** 
with    manure,  as    is   frequently  the  case,  is  nearly  double  th** 
wiih  »ai  ii.    In  every  year  (though  in  1*57  less  than  in  the  n*1' 
tin-  i Tops  m.iM   heavily  manured  were  much  laid,  and  more  °T 
lc<s  damaged,  and  hence  the  much  best  /trojtortion  of  torn  in  tot1" 
/,/;„///<,  wiih  these  manures,  even  in  the  last  year  1857,  than  wbt>tC 
the  «Top  was  unmanured,  or  only  mineral  manures  were  vl*' 

ploVed. 

KiMin  i he  pervading  influence  of  sntsnn,  by  which  the  prodi1*-^ 
may  !>♦•  double  a<  much  one  year  as  another,  even  with  one 
i  he  same  set,  nf  conditions  supplied  by  the  farmer,  and  by  whi*-**1 
when  unfavourable,  the  crops  most  highly  manured  suffer  moS* 
it  ivs;;!t<  that  the  amount  of  produce  obtained  for  a  gi*"^1 
outlay  in  manure  may  he  only  half  as  much  in  some  seasons  *j 
in  mil.  rs.  And,  as  will  l>e  more  fully  illustrated  further  on,  t**1 
higher  the  condition  of  manuring,  if  beyond  a  somewhat  e^**5 
narrow  limit,  the  less  will  Ik?  the  return  of  produce  for  a  gr*'"^ 
♦  I  nan  til  y  of  manure.  This  brings  us  to  a  consideration  of 
eifects  of  the  individual  rn/ttiuns  employed  in  the  expcriinex**' 
leaving  the  reader  to  study  for  himself  more  in  detail  the  YiX*** 
lions  in  result  from  season  to  season,  which  have  been  ab*^ 
broadly  indicated. 

Dispelling  then  with  any  further  detailed  consideration  of 
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for  the  individual  years,  which  are  provided  for  full 
ence  in  Tables  I.  to  VIlI.  inclusive,  we  will  now  direct  more 
cnlar  attention  to  Table  IX.,  in  which  is  given  the  mean 
lal  result  over  six  consecutive  years,  of  each  of  the  twenty 
iptions  of  manure  employed. 

ifore  entering  upon  the  examination  of  the  mean  annual  result 
le  individual  manures,  it  should  be  stated  that,  in  the  detailed 
es  there  is  no  evidence  of  any  gradual  either  falling  off,  or 
sase  of  result  from  year  to  year,  such  as  should  vitiate  the 
tion  of  the  average  of  the  six  years,  as  a  measure  of  the 
il  or  comparative  effects  of  the  different  manures.  Thus, 
first  two  years  were  in  many  points  very  much  alike  in  result, 
they  agree  very  nearly  with  the  average  of  the  six.  The 

two  years,  1854  and  1855,  but  particularly  the  former,  were 
e  the  average  in  their  amount  of  produce.    Lastly,  the  fifth 

1856,  was  the  worst  of  all;  and  the  present  year,  1857,  the 
i  in  succession,  was  above  the  average  on  every  point,  and 
ly  the  best  of  the  series  on  some.  So  far  then  the  average 
t  of  the  six  years  may  be  taken,  provided  only  that  the 
ber  and  character  of  the  seasans  themselves  are  admitted  to 
d  a  sufficient  range,  to  indicate  a  fair  average  effect  of  the 
rent  manures.  How  far  results  obtained  by  the  use  of  the 
)  description  of  manure  to  the  same  crop  grown  on  the  same 

through  a  series  of  years  consecutively,  can  afford  an  indi- 
>n  of  the  requirements  of  barley  as  grown  ordinarily  in  rota- 
,  is  of  course  a  matter  of  separate  consideration, 
he  descriptions  of  the  manures,  and  the  quantities  of  them 
loyed,  are  partially  given  in  the  Tables,  and  the  necessary 
ber  explanations  on  these  points  will  be  found  at  p.  3  In 
Tables  the  twenty  plots  are  divided  into  four  classes,  according 
ie  genera]  character  of  their  manures,  as  under : — 
t  Qauge  Series. — Comprising  the  unmanured  portions,  and  a 
on  manured  with  clay  and  weed  ashes ;  also  the  farmyard 
ire  plot.    The  mean  result  of  the  unmanured  and  ash  por- 

taken  together,  forms  one — and  that  of  the  farmyard  manure 
ler — standard  of  comparison,  by  which  to  judge  of  the  effects 
other  manures. 

d  Series. — Mineral  Manures  only — Comprising  three  plots  ; 
having  "  Mixed  Alkalies "  (sulphates  of  potash,  soda,  and 
icsia);  another  Superphosphate  of  Lime ;  and  the  third,  both 
"  Mixed  Alkalies,"   and   Superphosphate   of    Lime.  The 
of  this  series  should  show  us  the  extreme  effect  obtainable 
the  available  normal  supplies  of  nitrogen  (terrestrial  and 
spheric).   They  also  serve  as  a  point  of  comparison  of  the 
ie  of   nitrogen  artificially  supplied  in  addition,  as  in  the 
*ing  Series  3  and  4. 
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:->rd  Srifs. —  In  this  series  nitrogen  is  supplied  by  manure  ^ 
a  rate  equal  to  about  .7>o  ll».  of  ammonia  per  acre  per  auntiXfl- 
The  nitrogen  is  supplied  res]>ectivery  in  the  forms  of  nitrate  °* 
soda,  and   of    an  equal  mixture  of   sulphate  and  muriate 
ammonia.     The  amnioniual  salts  are  supplied  lx>th  alone,  and 
in    admixture    with  each  of   the  three  several  mineral-manure 
conditions  of  Series  2.     The  amount  of  nitrogen  here  supplitid 
is  perhaps  fully  as  much  as  can  l>e  used  with  impunity  for  the 
barley    crop    on    the  soil   in  question,  taking  the  average  of 
seasons.      The  crop  would   he  over-luxuriant  and   laid,  with 
larger  amount. 

1th  /v/v/.n. — Here  the  nitrogen  is  supplied  at  a  rate  equal  t«* 
about,  loo  lbs.  of  ammonia  per  acre  per  annum.  This  aniuruit 
is  given  in  the  three  separate  forms  of  nitrate  of  soda,  the  equal 
mixture  of  sulphate  and  muriate  of  ammonia,  and  as  rape  cake.* 
The  mixture  of  nmmonical  stilts,  and  also  the  rape  cake,  are  each 
used,  both  alone  and  in  admixture  with  each  of  the  three  mineral 
conditions  above  specified.  As  above  implied,  the  nitrogen  here 
provided,  is  beyond  that  which  gives  the  best  result  in  propor- 
tion to  the  amount  of  manure  employed. 

According  to  the  notes  taken  in  the  field,  the  unmanuretL 
and  the  only  mineral  manured  portions,  as  a  rule  stood  up  till 
the  time  of  cutting.  The  crops  with  nitrogen  equal  50  II* 
am mon in  per  acre,  were  generally  more  or  less  laid:  as  also  were 
those  irrown  by  farmyard  manure.  Those  having  nitrogen  eon*' 
loo  ]1 ».  ,,r  more  of  ammonia  per  acre  were  invariably  laid:  ana  in 
every  year,  excepting  in  lNf>7,  very  much  and  injuriously  ^ 
the  crop*  beim:  far  too  heavy  to  fxw  any  moderate  amount 
rain  about  or  after  the  time  of  heading. 

The  etl'eet  of  the  "Mixed  Alkalies"  on  the  condition  of  t-^* 
crop,  whether   used    alone   or    in   admixture   with  nitrogenc*11* 
manures,  was  invariably  somewhat  to  retard  its  ripening.  Sup^T' 
phosphate  of  lime,  on  the  contrary,  whether  alone  or  in  adm-i- x" 
i  ure.  alwav>  tending  to  early  ripening.     The  effect  was 
striking.    So  much  so  indeed,  that  latterly  it  has  been  thoujsC 
desirable  to  cut.  the  crops  at  different  times  as  they  came  ripT^' 
the   superphosphate   ones  and   the  farmyard-manure  coming 
i he  scythe  more  than  a  week  earlier  than  the  others.  It 
proeinly  be  <ccn  that  the  su]>erphosphate  had  a  marked  eff^==^ 
on  the  quantity  of  produce  also,  and  especially  on  the  tender-^? 
to  corn.     Owing  to  the  frequent  falling  of    the  crop,  wh-^- ?re 
nitrogenous  manures   were  also  employed,  the  result  was,  hcr^3*" 

*  For  convenience,  the  rape  cake  plots  are  classed  as  in  the  Tables  ;  bu^^^Jj* 
is  probable  that  the  2nuo  lbs.  per  acre  employed,  would  contain  nearer  100  jj* 
of  //  if  rot/,  it  ;  the  latter  amount  would  be  equal  to  about  121  \  instead  of  10^ 

of  ammonia. 
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aldom  so  favourable  at  harvest  as  from  appearances  it 
isly  promised  to  be. 

ing  in  mind  these  general  tendencies  of  effect  of  the 
it  manures,  which,  owing  to  the  incidental  though  uncon- 
e  fluctuations  of  season,  are  of  course  not  so  exactly 
cally  reflected  as  they  would  be  under  constant  and 
ible  conditions  of  climate,  let  us  see  what  really  are  the 
•ative  results  which  the  figures  show. 

the  left  hand  division  of  Table  IX.  will  be  found  the 
3  annual  effects  of  the  different  manures  upon  the  quality 
produce.  These  are  indicated  by  the  proportion  of  corn 
total  produce,  the  proportion  of  dressed  corn  in  total  corn, 
\e  weight  per  bushel  of  the  dressed  com.  In  the  right  hand 
a  of  the  Table  are  given  the  particulars  of  quantity; 

the  average  annual  bushels  of  corn  per  acre,  and  the 
b  in  lbs.  per  acre,  respectively  of  the  total  corn,  of  the 
and  of  total  produce  (corn  and  straw  together), 
re  are  also  given  under  the  head  of  particulars  of  quantity, 
erage  annual  increase  of  corn  and  of  straw,  &c,  by  different 
»,  compared  with  the  produce  of  others  adopted  as 
rds. 

ting  first  to  the  columns  of  quality,  it  is  seen  that  the 
m  of  the  ashes,  which  do  not  increase  the  total  produce, 
a  tendency  to  an  increased  proportion  of  corn,  a  somewhat 
proportion  of  dressed  corn,  and  a  slightly  higher  average 
per  bushel  of  dressed  corn,  when  compared  with  the  unma- 
produce.  Taking  the  same  standard  of  comparison,  the 
ard  manure,  probably  because  the  crop  was  generally  laid, 
b  give  a  higher  average  proportion  of  total  corn ;  but  the  pro- 
i  of  dressed  corn,  and  the  weight  per  bushel  of  the  dressed 
were  somewhat  higher.  Comparing  Series  with  Series,  the 
J  manures  alone  gave  higher  qualities  of  produce  in  all 


with  nitrogenous  manures.  The  produce  of  the  Series  with 
jn=50  lbs.  of  ammonia  per  acre,  was  generally  inferior  in 
talities  enumerated  to  the  unmanured  produce ;  and  that  of 
Ties  with  the  nitrogen  equal  to  100  lbs.  or  more  of  ammonia 
sre,  stands  lower  still  in  all  these  points  of  quality,  depen- 
i  they  do  so  materially  on  the  standing  up  and  favourable 
ing  of  the  crop. 

ag  a  little  more  into  detail,  it  is  seen  that  where  the 


marked  effect  on  the  proportion  of  total  corn  ;  and  also  upon 
erfection  of  the  corn;  as  indicated  by  the  amount  of  the 
d,  in  100  of  the  total  corn.  The  influence  of  the  mineral 
res  on  the  quality  of  the  produce,  and  especially  that  of  the 


unmanured  produce,  or  that  of  the 


il  manures  were  used  alone,  the 
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superpho>phate  of  1  in  if,  was  exactly  the  reverse  when  lued  i*1 
combinat ion  with  the  nitrogenous  manures.  This  result  vii-- 
howc\er,  obviously  due  to  the  over  luxuriance  ami  layinsr  of  th*-"^ 
crop,  rather  than  to  the  intrinsic  effects  of  the  mineral  niunun-^ 
themselvis:  whirl),  when  the  produce  was  not  too  heavy  far  tti*-" 
season,  wore  seen  to  he  of  a  directly  opposite  character.  In  far  ^ 
the  gradations  of  inferiority  as  to  tendency  to  corn,  and  qtwlir*" 
of  produce  generally,  are  shown  hy  the  figures  U\  be  so  rkl^" 
connected  with  increase  in  total  quantity,  that  they  must  J»vi  — 
ously  he  attributed  much  more  to  the  adverse  influence  of  sea*.-:  2. 
upon  a  bulky  crop  than  to  any  intrinsic  influence  of  the  manr.rv~?- 
employed. 

Before  leaving  the  question  of  the  qualities  of  the  prodr*-* 
under  tin-  different  manures,  it  may  l>e  ol served,  that  wliethr 
yielding  n i t r* »tr**n  equal  to  50  or  loo  llvs.  of  ammonia  perai'ft=*  — 
the  amnion ical  salts  gave  a  higher  average  porportion  of  cons  ix-t 
(he  to.al  produce  than  the  nitrate  of  soda.  This  would  a|«pcsL 
to  he  due  to  a  more  rapid  action  of  the  nitrate.  For,  as  will]*--  — 
sently  he  seen,  though  it  gave  a  less  proportion  of  corn,  it  gave  i  *  1 
I h »t  1 1  rases  a  larirer  artaal  amount  of  it,  and  particularly  a  kinre~T" 
amount  of  straw,  or  total  hulk  of  produce,  indicating  a  m"r~*-~ 
luxuriant  growth. 

Li  t  us  now  turn  from  the  columns  of  quality  to  tluse  y"T\ 
qunihiii.  We  see,  as  already  alluded  to,  that  the  clay  and  wtr*' * 
ashe<  gave  a  slightly  higher  average  amount  of  corn,  and  font-*"5" 
average  amounr.  of  straw,  and  of  total  produce,  than  the 
manured  plot.  The  latter  indeed  gave  an  annual  averap?  •  *~ 
\)\  11k.  moiv  total  i'inihin>  than  the  clay  and  weed  ashes.  Ttoc^' 
in  i-d  therefore  he  no  fear  entertained  that  the  results  of  the  otto-**" 
nr.nuiw.  which,  f«»r  the  purpose  of  even  distribution  over  tl**-* 
land  were  mixed  with  always  smaller  quantities  of  these  aslu^- 
an-  at  ail  materially  affected  thereby, 

\v  before  stated,  it  is  the  mean  result  of  the  unmannred  pl<>t  — 
iiiitl  of  that  manured  with  the  clay  and  weed  ashes,  that  is  take*1 
as  the  standard  wherewith  to  compare  the  effects  of  the  differs  t 
manures.  The  av<r»ijc  annual  amount  of  this  standard  or  uorni*"1 * 
prod  nee  of  the  unaided  soil  and  season,  was  15*5  lbs. 
hushed  1  ,,f  mm,  17(;<>  lbs.  of  straw,  &e. ;  making  8345  H*.*** 
total  produce,  corn  and  straw  together.  Above  this  amount,  *  | 
tons  per  acre  of  ordinary  farmyard  dung,  gave  an  average  ann**1' 
increase  of  H'2'2  lbs.  (=al»oiit  15  bushels)  of  com,  and  *lo3o  l}*^ 
of  straw.  The  yearly  gain  in  total  produce  by  this  maunr111*" 
was  therefore         lbs., or  considerably  less  than  a  ton. 

Reckoning  the  farmyard  manure  to  contain  about  75  per  cCt\i 
of  wafer,  and  the  1*52  ll>s.  nf  increased  produce  obtained  ^\ 
to  con<i>t  of  about  one-sixth  water,  we  have  an  average  an * 
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i  of  1543  lbs.  of  gross  dry  substance  in  the  increase  of  pro- 
3,  by  the  use  of  about  7840  lbs.  of  gross  dry  substance  in 
iure.  It  is  clear,  therefore,  that  the  great  bulk  of  the  solid 
ter  of  the  dung,  which  consists  mainly  of  highly  carbonaceous 
mic  substance,  had  little  to  do  with  the  increase  in  the  pro- 

•  of  the  barley. 

-  study  of  the  effects  of  the  other  individual  manures,  which 
^*se  one  or  more,  as  the  case  may  be,  of  the  constituents  of 
<lung,  should  enable  us  to  judge  to  which  constituent,  or 
lfc.ituente,  of  the  latter,  its  effects  on  the  barley-crop  are 
*ly  due. 

^  the  annual  use  of  "mixed  alkalies" — sulphates  of  potash, 
^  and  magnesia — in  amounts  containing  much  more  of  the 
Active  bases  than  tho  total  annual  produce,  we  obtain  an  ave- 

*  annual  increase  of  only  42  lbs.  of  corn  and  36  lbs  of  straw, 
^  lbs.  total  increase. 

lie  annual  application  of  the  superphospliate  of  lime  alone  gave 
^arly  increase  of  163  lbs.  of  corn,  and  86  lbs.  of  straw,  = 
lbs.  of  total  increase;  or  171  lbs.  more  than  the  "mixed 
ties." 

lie  combination  of  both  the  "  mixed  alkalies "  and  the  super- 
johate  of  lime  gave  an  annual  increase  of  829  lbs.  of  corn  and 
lbs.  of  straw,  =  581  lbs.  of  total  increase ;  that  is  503  lbs. 
a  total  increase  than  the  "  mixed  alkalies  "  alone ;  832  lbs.  more 
t  the  superphosplutte  of  lime  alone ;  and  254  11)8.  more  than 
sum  of  the  increase  by  the  two  manures  when  each  was  used 
»tely. 

^"e  shall  refer  more  specially  to  the  beneficial  action  of  direct 
^ral  manures  on  the  barley-crop  further  on  ;  but  that  we  may 
ao  with  advantage,  it  will  be  convenient  first  to  consider  the 
Its  of  Series  3  and  4,  in  which  they  were  employed,  not 
C2  as  in  the  cases  just  considered,  but  in  conjunction  with 
ogenous  manures. 

instead  of  3345  lbs.  of  total  produce,  the  average  annual  amount 
lout  manure,  we  have  by  the  use  of  nitrate  of  soda  alone 
staining  nitrogen  equal  to  about  50  lbs.  of  ammonia),  5226  lbs., 
by  salts  of  ammonia  alone  (supplying  about  the  same  acreage 
>unt  of  nitrogen)  we  have  an  average  annual  total  produce  of 
9  lbs.  The  average  annual  increase  by  nitrate  of  soda  was 
*er  more  than  14  bushels  of  dressed  corn  (770  lbs.  total  corn), 

1102  lbs.  of  straw  ;  and  that  by  the  ammoniacal  salts  was  about 
1  bushels  of  dressed  corn  (=  606  lbs.  total  corn),  and  778  lbs.  of 
w-     There  was,  indeed,  by  nitrate  of  soda  alone,  only  48  lbs. 

corn,  and  even  more  straw  and  total  gross  produce,  than  by 
14:  tons  of  farmyard-manure.    Ilie  salts  of  ammonia  alone,  which 
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yielded  a  less  result  than  the  nitrate  in  relation  to  the  asmniA 
amount,  of  nitrogen  supplied,  pave  216  lbs.  less  corn,  and  obrt*1 
2.r>2  llis.  less  straw,  than  the  farmyard  manure. 

lTnle>N  then,  we  are  to  attribute  some  im]x>rtant  influenw  i*  * 
i he  soila  of  the  nitrate,  or  to  the  sulphuric  acid  and  chlorine  <»f  tit*-" 
ammoniacal  salts,  we  have  here,  by  the  supply  in  manure,  of 
available  nitrogen  alone  (=  al>out  f>o  11«.  ammonia  j»er  am  p-r 
annum),  in  one  ease  even  more,  and  in  the  other  somewhat  h*!=- 
<>f  annual  total  produce,  than  by  the  whole  of  the  const  i  tnent* 
the  annually  supplied  14  tons  of  dung. 

In  experiments  \K  lo,  and  11,  we  have  the  same  amount  «-t 
amnmniaeal  salts  as  in  No.  8,  but  now  in  conjunction  with  (•!.♦-' 
or  other  of  the  respective  mineral  manures  of  Nos.  4,  and  »•  - 
The  ad«lition  of  the  "mixed  alkalies "  (salts  of  ]x>tash,  soda.  ;m«^ 
magnesia)  t<>  the  ammoniacal  salts,  raises  the  average  annual 
I m wlner  by  81  lbs.  of  corn  and  24(1  ll>s.  of  straw.  Estinwtintr 
the  result  the  converse  way,  the  addition  of  the  ammoniacal  salt?-  ■ 
as  in  No.  !»,  to  the  " mij-vtl  alkalies"  as  in  No.  4,  has  given  at* 
increase  of  (;ir»  lbs.  corn  and  088  11  >s.  of  straw.  Or,  if  we  com- 
pare the  result  of  the  combination  of  the  ammonineal  salts  an«l 
•.he  "mixed  alkalies"  with  the  nnmanured  produce,  the  o»nt- 
bination  has  given  an  increase  of  (>87  ll>s.  of  corn  and  1024  H*-- 
of  straw,  against  822  lbs.  increase  of  corn  and  lntfo  ll»s.  of  stm* 
by  tin  fanny  a  rd -manure.  Supplied  nitrogen  (at  mut  41  It*.  p*r 
icrr).  ami  salts  of  the  fixed  alkaline  Wises,  have  therefore- 
iiearly  reached  the  result  of  14  tons  of  farmyanl-manure. 

In  experiment  No.   lo  superphosphate  of  Hate  is  the  minimi 
manure  added  to  the  ammoniacal  salts  of  No.  8.    The  addition 
of  the  supn-phosphafe  of  lime  increased  the  produce  by  854  11*. 
corn  and  (\M  \W.  of  straw  (=<HM)  H>s.  total  produce)  over  tto*r 
by    the    ammoniacal    salts   alone.     Calculating  conversely,  tlu- 
•(Id it  ion  of  antinnniai'ul  salts  to  superphosphate  of  lime  jrave  »!l 
average  annual  increase  of  707  11  w.  of  corn  and  1328  lbs.  of  stw* 
over  the  produce  of  the  latter  alone,  against  an  increase*  of 
lbs.  of  corn,  and  778  lbs.  of  straw,  over  the  unmanurcd  produce 
when   the  same  amount  of  ammoniacal  salts  were  used  ah1111'- 
Again,  by  the  conjoint  action  of  ammoniacal  salts  and  supt'r" 
phosphate  of  lime,  we  get  an  average  annual  increase  over  if* 
iimnanured  produce,  of  HGO  lbs.  of  corn  and  1414  lbs.  of  strfl*'- 
against  an  increase  of  only  822  His.  of  corn   and  1080  Ite. 
straw,  by  the  farmyard -ma nu re. 

In  exjicriment  No.  11  we  have,  in  addition  to  the  same  amo«lU 
of  ammoniacal  salts  as  1>efore  (containing  al>ont  60  lbs.  of 
inonia),  both  the  41 mixed  alkalies"  and  the  superphosphate  of ''^ 
a*  in  No.  (\.    The  increase  of  No.  11  over  No.  10  by  the  a*"" 
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of  the  "mixed  alkalies"  to  the  superphosphate  of  lime  and 
oniacal  salts  of  the  latter,  is  only  51  lbs.  of  corn  and  93  lbs. 
raw;  or  little  more  than  that  of  the  "mixed  alkalies"  over 
onmanured  produce  when  they  were  used  alone.    Thus  the 

annual  gain  (in  experiment  11)  by  the  addition  of  both  the 
~«d  alkalies"  and  phostohatic  manure  to  the  ammoniacal  salts 
aq>eriment  8),  is  405  Ids.  of  corn  and  729  lbs.  straw ;  that  is, 
r  more  than  by  the  addition  to  the  ammoniacal  salts  of 
phosphate  of  lime  alone.  On  the  other  hand,  calculating 
Sect  of  the  addition  of  the  50  lbs.  of  ammonia  per  acre  per 
rn  to  the  mixed  mineral  manure  of  No.  6,  it  is  seen  to  be 
fcs.  of  corn  and  1255  lbs.  of  straw.  And  lastly,  the  average 
*1  increase  over  the  unmanured  produce,  due  to  the  conjoint 
a  of  the  ammoniacal  salts,  the  "mixed  alkalies,"  and  the 
phosphate  of  lime,  is  1011  lbs.  of  corn  and  1507  lbs.  of  straw  ; 
i  is  189  lbs.  corn  and  477  lbs.  straw,  more  than  by  the  farm- 
ruanure. 

Mi  the  results  of  Series  3,  as  a  whole,  we  see  that  the  mean 
*1  increase  by  the  supply  to  the  soil  of  nitrogen  =  50  lbs.  of 
>nia  per  acre  per  annum,  in  the  five  different  states,  or  con- 
is  of  combination,  is  710  lbs.  of  corn  and  1090  lbs.  of  straw, 
.  2  lbs.  less  corn,  and  60  lbs.  more  straw,  than  by  the  farm- 
tnanure.  Or,  taking  the  increase  over  the  unmanured  pro- 
due  to  the  conjoint  action  of  the  mineral  manures  and 
led  nitrogen  (as  in  experiments  9,  10,  and  11),  its  mean 
U  amount,  calculating  from  18  experiments  (that  is  with  three 
ent  mineral  conditions  each  over  six  years),  is  64  lbs.  more 
and  285  lbs.  more  straw  than  by  the  dung.  Or,  lastly,  if 
ike  the  conjoint  action  of  the  50  lbs.  of  ammonia,  and  those 
Pal  manures  only  which  contain  phosphates,  we  have  from  100 
0  lbs.  more  corn  and  from  400  to  500  lbs.  more  straw,  per  acre 
fflnum,  by  such  a  combination,  than  by  farmyard-manure, 
the  next  series  (4),  as  already  mentioned,  there  was  about 
as  much  nitrogen  supplied  per  acre  as  in  experiments  7,  8, 
),  and  11,  in  which,  as  has  just  been  Been,  the  amount  of 
ice  averaged  more,  and  sometimes  greatly  exceeded,  that  by 
ge  annual  supply  of  farmyard  dung.  It  should  be  stated  in 
►uteet,  that  the  quantities  of  nitrogen  now  under  considera- 
were  considerably  beyond  what  the  barley  could  turn  to  good 
tot  with  such  seasons  on  the  soil  in  question,  as  was  shown 
te  invariable  falling  of  the  crop,  and  the  consequent  deficient 
ation  and  quality  of  the  corn.  The  result  of  this  was,  that 
tad  in  every  case  very  much  less  increase  of  produce  for  a 
.  amount  of  manure  in  Series  4  than  in  Series  3.  In  fact, 
is,  on  the  average,  only  about  once  and  a  half  as  much 
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increase,  obtained  by  the  use  of  nitrogen  etpial  loo  His.  or  M'»rv 
of  ammonia  per  acre  jkt  annum,  as  by  the  5o  ll>s.  or  its  o»iuiva- 
lent  of  iiitrniren.  Bearing  in  mind  this  general  result  of  an  ox- 
cessivc  amount.  «»f  nitrogen  supplied,  tlie  figures  are  still  dew- 
ing ^»iiir  examination. 

In  this  Series,  I,  the  nitrogen  was  provided  in  the  three  ^pi- 
nite  forms  of  nit  rati'  nf  soda*  an  equal  mixture  of  *nlph'it*  W 
,t(i'riitf'  nf  ii,nnimiin%  and  rajir-rakf.  In  Series  ;5,  the  quanlitio 
nf  ammoniaeal  silts  and  nitrate  of  soda  employed  ]ier  acre  wen- 
ion  lbs.  rach.  sulphate  and  muriate  of  ammonia,  and  275  lis.  »• 
the  nil  rale:  ihe  Jno  lbs.  of  mixed  ammoniaeal  salts  and  the 
*J7">  lb<.  «»f  nil  rate  of  soda  having  been  taken  as  containing  ft* 
<!•<'(•!  iv«'lv  in  mund  numbers  41  ll)s.  of  nitrogen.  =  .}n  His.  «f 
amnionia. 

In  S.  ri«  >,  l.  double   the   amounts,    maintaining  thcrcf<»rv  iln 
Name  proportions  to  one  another,  of  the  ammoniaeal  salts  an^ 
nil rai<-  were  employed.     These   quantities   were  adopted  mi  di* 
assumption  that  tin-  equal  mixture  of  the  ammoniaeal  silts,  in  di*-' 
condition  in  which  they  are  sold  in  comnieree  for  manure  {th«»iur^ '* 
we  alwa\<  UH-  the  best  at  our  command  for  e.\]KT  imentul  y\\Y~ 
po<i  >j.  will  a\erage  about,  x  ]>er  cent,  of  water  and  impurity,  and  il  ** 
nitrate  about        per  cent.*     It  is    probable,  however,  that  tl  **J 
nitrate  will  frequently  come  up  nearer  to  the  ehemieal  standard*  ** 
ronijH.s  i  i.Mi  :baii  t.lie  ammoniaeal  salts,  and  if  so,  nnr  supp**-"-*'  * 
iMjni\ .Ji-iii  ■•mount  of  nitrate  will  contain  n  cnrresjiondingly  lanr*-"1 
annum*   of  niiro^eii  than  the   ammoniaeal  salts:  and    this  inu*^ 
partly.  t!i-  iiL:li  i;'>l  entirely,  account  for   the  greater  eft'erts  »»* 
lamed    by    r  1  n-    nitrate   employed.      The    amount    of  rape-<uW^*- 

•  nipIoyiMi  in  Scries  I  was  l'oihi        jkm1  acre  ].kt  annum  :  and 

as>:.im<ii  in  the  Tables,  and  also  sometimes  when  s] faking  f  9 
1 1 m ■  result-,  thai  the  amount  of  nitrogen  thus  supplied  was  uIm.*  *" 
ill-  sime  a-  thai  in  the  larger  amounts  of  amnion iacal  salt*  :u*  " 
nitrate  n**<<]  by  its  side.  This  would,  however,  suppose  a  lout.-*" 
per  --'-nt.  nitrogen  in  the  rape-cake  than  the  average  of  oi**" 
own  «1<  !•  nnin.it  ions,  or  the  records  of  those  of  others,  would  ind  •  ^ 
■  at«\  It  i-.  indeed,  not  improbable  that  the  2oon  lbs.  uf  rap**" 
«  ak<-  would  ; i<«|n«  ntly  contain  nitrogen  equal  to  from  llo  to  eve'**1 
12o  lbs.  iiiim  .ni;i.  It  is  probable,  on  the  other  hand,  di*** 
ih<-  nitr.-jiu  of  the  ra*>e-cake  will  l>e  given  up  from  its  esi*ui»^ 
■ loiubinat  ■«»n<.  in  less  proportion  each  year  than  that  in  either  « 
!h<>  o'h«  r  two  forms.    Although,  therefore,  all  the  experiments  *  fl~ 

•  In- l"l  in  Sm.in  I  are  m.»  brought  together  for  the  convenient  • 

Til.  -.-  .1.  «lu'.  tii»ji«<  an-  probably  in  both  cases  rather  excessive.  It  freqnenxly 
biilipi-ns.  in  i»,.d.  that  sul]ihateof  ammonia  in  the  bulk,  will  overage  le*1****' 
«»f  cry<f;ili/.jri(in  than  is  theoretically  accorded  to  it. 
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ssification,  and  are  thus  assumed  to  represent  about  equal 
anal  supplies  of  nitrogen  to  the  crop,  this  assumption  must 

ST  be  taken  with  the  qualifications  above  stated, 
n  addition  to  the  nitrogen  we  have  of  course  in  the  nitrate 
soda,  in  the  ammoniacal  salts  sulphuric  acid  and  chlorine,  and 
the  rape-cake  not  only  a  considerable  amount  of  carbon-yield- 
g  organic  matter,  but  also  a  considerable  amount  of  the  mineral 
otters  of  the  seeds  from  which  the  cake  is  made.    The  rape- 
ie,  at  least,  must  therefore  be  considered  as  providing,  not  only 
fftflable  nitrogen,  probably  in  larger  quantity  than  the  other 
Mnbinations,  but  mineral  matters  also.     And   it  will,  besides 
tese,  yield  a  constant  supply  of  carbonic  acid,  or  other  carbon 
toducte  of  transformation  of  its  organic  substance. 
Besides  the  nitrate,  the  salts  of  ammonia,  and  the  rape-cake, 
&  used  alone,  the  mixture  of  the  ammoniacal  salts,  and  also 
rape-cake,  were  each  used  in  conjunction  with  the  respective 
i^ral  manures  before  described — namely  the  "  mixed  alkalies" 

wperphospliate  of  lime,  and  the  mixture  of  the  two. 
ffcre,  where  the  nitrate  of  soda  was  used  in  the  larger  quantity, 
&lso  where  it  was  used  in  smaller  amount  (Experiment  7),  it 
:>"wed  a  mixture  of  sulphate  of  potash  and  superphosphate  of 
^  applied  in  the  first  year  of  the  experiments  (1852),  but  not 
What  portion  of  the  indicated  superiority  of  the  nitrate 
c   the  ammoniacal  salts,  whether  used  in  the  larger  or  the 
Xler  quantity,  may  be  due  to  this  fact,  unfortunately  cannot  be 
-"Kroined.    On  this  point  it  may  be  noticed,  that  it  was  only 
^he  later  years  of  the  experiments  that  the  ammoniacal  salts 
chort  of  the  nitrate  in  result.    It  was,  therefore,  only  after  an 
«ual  exhaustion  of  the  annually  available  minerals  of  the  soil, 
taking  off  a  series  of  corn  crops  highly  manured  with  available 
Ogen,  that  the  nitrate,  following  after  supplied  minerals,  showed 
superiority.     Where  the    larger   quantities  were  used,  the 
*^ge  annual  excess  both  of  corn  and  straw  by  the  nitrate  over 
ammoniacal  salts  was,  however,  considerably  less  than  where 
smaller  amounts  were  employed.    Again,  as  the  nitrate  in  the 
r^r  quantity,  gave  almost  identically  the  same  average  annual 
^Xmts  both  of  corn  and  of  straw  as  the  rape-cake  with  its  equal 
larger  amounts  of  nitrogen  and  abundant  minerals,  and  as  the 
i^valent  amount  of  ammoniacal  salts  approaches  nearer  in  result 
klae  nitrate,  and  to  the  rape-cake  with  its  minerals,  than  did  the 
Demoniacal  salts  to  the  nitrate  when  used  in  smaller  quantity — 
fcfc  of  course,  then,  requiring  much  less  minerals  from  the  soil 
must  judge,  that  part  of  the  indicated  superiority  of  the 
f^te  is  really  due  to  greater  rapidity  of  its  action ;  by  which, 
the  underground  and  aboveground  feeders  of  the  plant  were 
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constantly  open  to  a  larger  area  for  the  collection  of  nutriment,  a: 
each  period  of  progression,  than  in  the  case  of  the  ammoniac; 
salts. 

A  iner»'  glance  at  the  comparable  experiments  in  the  Series 
and  I,  shows  how  very  small,  especially  in  com,  was  the  increasi 
obtained  by  the  addition  of  a  second  f>0  Hw.  of  ammonia,  or  ir> 
e«jiiivalrnt.  of  nitrogen.  In  fact,  its  effect  is  in  even*  inttana- 
much  less  than,  and  on  the  average  only  alxmt  half  as  firtat  a*, 
thai  of  the  first  r>n  lbs.  This  point  we  shall  presently  further 
illimraic  by  the  aid  of  analysis.  But  the  general  fact  should 
dimly  bnnie  in  mind  in  drawing  comparisons  among  the  indi- 
vidual experiments. 

<;u!!:l'  to  actual  ligurcs,   it   is   not  a   little   remarkable  thai. 
a>  Imm.jv  alluded  to,  approximately  equal  amounts  of  nitron. 
iinhVriiiiinaiely  in  nitrate  of  soda,  in  ammoniaoal  salts,  ami  »■ 
rape-cab-,  <h(>uld  over  a  period  of  live  or  six  years,  give  us  au 
avriiip-  annual  yield  of  corn  so  nearly  identical.    Thus  the  nitrate  1 
uav«-  an  average  annual  increase  of  loxi  ll»s.,  the  ammoniacal  sah*  1 
h»ls  11k..  Mild  the  rajie-cake  1079  ll>s.  of  corn.    The  nitrate  and  the  y 
rape-cake  ihiw  uave  an  average  difference  of  only  2  ll»s.  ]>er  aero  l*'r 
annum  o|  corn  ;  the  ammoniacal  salts  yielding  aUmt  Go  lbs.  lee** 
than  either.    In  straw,  the  nitrate  and  rape-cake  gave  respeetivtl>" 
an  annual  in.  reuse  of  1772  and  1788  lbs.,  or  the  latter  (the  raj*^ 
cake)  only  id  lbs.  more  than  the  former:  the  ammoniacal  salc*^ 
irave,  h«>w»  \er,  about  ;>10  to  3oo  ll>s.  less  straw  annually  than  d**2 
nil rat««  or  the  rape-c-ake.    It  is  also  worthy  of  remark,  that,  whil*^ 
the  n it r;it <•  of  M»da  and  the  mjie-cake,  when  used  alone,  gav"*^ 
respect  ively  h»si  jmd  1079  H)s.  annual  average  increase  of  corn,  d*^^ 
rape-cake  with  the  superphosphate,  as  in  Experiment  19,  and  wit^"1 
superphosphate  and  mixed  alkalies,  as  in  20,  gave  almost  ident"*  ^ 
cally  ibe  same  amounts,  namely,  1088  and  lo77  lbs.    Again,  i9\ 
straw,  the  nitrate  and  rape-cake  alone,  gave  respectively  1772  a» 
17*8  lbs.  of  annual  increase,  whilst  the  plots  19  and  20,  withd**^ 
same  amount  of  rape-cake  and  the  minerals,  do  not  give  100  lb**- 
nion — the  amount  being  for  the  rape-cake  and  supeiphoeptoc^ 
1872  11k.,  and   for   the  rape-eake,  superphosphates,  and  mix**"1 
alkalies  1*7*  lbs.    As  there  is  no  other  point  so  nearly  in  con3^ 
nion  with  these  four  different  combinations  as  their  amounts  o* 
nitrogen,  there  can  be  little  doubt  that  their  main  or  most  ch»~ 
ract eristic-  effect  upon  the  liarley  crop,  was  due  to  the  avaitot**c" 
nitrogen  they  resj actively  supplied. 

In  calling  attention  to  this  very  close  coincidence  in  the  rt«**t' 
from  a  given  amount  of  nitrogen  supplied  in  different  forms,  f* 
should  at  the  same  time  he  remarked,  that  the  fact  of  the  supply 
Uiing  in  all  these  cases  too  heavy  to  allow  of  their  full  action  ana 
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the  favourable  ripening  of  the  crop,  should  lead  us  to  take  the 
figures  as  only  indicating  a  general  equivalency,  other  things  being 
equal,  of  nitrogen  provided  in  these  different  forms.  It  has, 
indeed,  already  been  shown  to  be  probable,  that  the  nitrate  of 
soda,  especially  when  not  used  in  excess,  may  yield  its  quantum 
of  produce  more  rapidly  than  ammoniacal  salts ;  but  evidence  is 
yet  wanting  to  enable  us  to  decide,  whether  or  not  a  given  amount 
of  nitrate  supplied  to  the  soil  will  really  eventually  yield  a  larger 
produce  in  proportion  to  its  nitrogen.  Further  in  reference  to  the 
above  observed  coincidence  of  result,  it  may  be  remarked  that  the 
amounts,  though  so  far  from  the  proportional  increase  obtained 
when  nitrogen  was  used  in  smaller  quantity,  being  still  so  nearly 
identical,  affords  some  illustration  of  the  absolute  limit  which 
season  puts  to  the  advantages  of  very  high  manuring.  The  facts 
next  to  be  noticed  will,  indeed,  show  how  contingent  is  the  uni- 
formity of  action  upon  the  influence  of  season  on  the  progress  and 
maturing  of  the  crop. 

In  Experiment  No.  15,  as  compared  with  No.  13,  we  see  the 
influence  of  the  addition  of  the  u  Mixed  Alkalies "  to  the  double 
amount  of  ammoniacal  salts ;  and  in  No.  18,  compared  with 
No.  14,  we  see  the  effect  of  the  u Mixed  Alkalies"  when  added 
to  rape-cake,  containing  an  equal  or  larger  amount  of  nitrogen. 
In  both  cases  the  average  annual  produce  of  corn,  and  conse- 
quently the  increase,  was  less  by  about  160  lbs.  than  when  the 
respective  nitrogenous  manures  were  used  without  these  u  Mixed 
Alkalies,"  the  characteristic  effect  of  which  has  been  shown  to  be, 
rather  to  retard  the  ripening  of  the  crop.  The  average  produce 
of  straw  was,  indeed,  121  lbs.  more  by  the  addition  of  the  u  Mixed 
Alkalies "  to  the  ammoniacal  salts ;  but  as  the  deficiency  of  corn 
was  more  than  this,  the  result  is,  that  the  average  total  produce 
is  41  lbs.  less  than  by  the  ammoniacal  salts  alone.  Again,  the 
produce  of  straw,  as  well  as  that  of  corn,  by  the  combination  of 
the  "  Mixed  Alkalies  "  and  rape-cake,  is  considerably  less  than  by 
the  rape-cake  alone — the  deficiency  being  159  lbs.  corn,  158  lbs. 
straw  =  317  lbs.  total  produce  per  acre  per  annum. 

The  superphosphate  of  lime,  which,  when  added  to  the  smaller 
amount  of  ammoniacal  salts,  gave  an  average  annual  increase  over 
the  produce  of  the  ammoniacal  salts  alone  of  354  lbs.  corn,  G86  lbs. 
straw  =  990  lbs.  total  increase,  gives,  when  added  to  the  larger 
amount  of  these  salts,  only  172  lbs.  more  corn  and  624  lbs.  more 
straw  ;  equal  only  796  instead  of  990  lbs.  more  total  increase.  The 
addition  of  the  superphosphate  of  lime  to  the  rape-cake,  which 
latter  already  contained  a  liberal  supply  of  other  mineral  con- 
stituents required  by  the  growing  barley,  is  very  far  less  efficient 
still.     By  this  combination  we  get  only  9  lbs.  more  of  corn  and 
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si  lbs.  more  of  straw,  =  !):>  lbs.  more  of  average  total 
than  by  tin*  rajie-cakc  alone. 

The   addition   of  l>oth   superphosphate  of   lime  and  uJfiW 
A I bil its  "  to  the  small  amomit  of  ammoniacal  salts,  increased  lb**2 
result   hy   lo;>  11k.  0f  corn,  7'2\)  lbs.  straw,  =  1184  lbs.  totaling 
nvase  ;  hut.  their  addition  to  the  larger  amount  of  ammonia** 
suits  only  increased  the  produce  by  198  lbs.  com,  882  11*.  straw 

-  loso  ll)s.  total  increase.    The  addition  of  the  same  full  ininera  ' 
man ure  to  the  rajK'-c^ke  did  very  much  less.     Thus  the  eombi 
nation  irave  *J  lbs.  less  corn  and  only  90  lbs.  more  straw  than  ill 
rajK'-cakc  alone. 

From  all  that  has  Wn  said  as  to  the  very  much  increased  luxu 
nance  of  growth  when?  the  double  amounts  of  nitrogen  vei 
applied  by  manure,  it-  will  Ik?  sufficiently  clear,  that  tluse  apparent l^^.v 
les<  result  <  of  both  given  amounts  of  nitrogen  and  of  mineral  ma  — 
nn res.  when  t  he  former — the  nitrogen — was  employed  in  so  larg^  K 
an  amount,  was  duo  in  reality,  not  to  the  inaction  of  the  mannrt^---^ 
but  to  the  over-luxuriance  they  induced  in  the  earlier  stages  o-  ^ 
growth,  and  the  consequent  falling  of  the  crop  and  loss  of  fina^^' 
result.  It  i<  obvious,  therefore,  that  the  numerical  results  — ' 
Series  1,  do  not  Jit  all  fairly  represent  the  intrinsic  prodnctiv"  e 
valuer  of  the  different  combinations. 

That  over-luxuriance,  and  not  the  contrary,  was  the  cause  f 
th"  failure,  is  evident  from  the  fact,  that  although  the  rape-csfc-  * 
u<ed  alone  gave  more  increase  than  the  ammoniacal  salts  akffl«_ 
when  they  were  respectively  used  with  superphosphate  of  lin*-  * 
and  >nperphosphat"  of  lime  and  the  "Mixed  Alkalies"  togetht-'"^ 
(which  increased  the  produce  with  smaller  supplies  of  nitrop;if> « 
than  the  rape-cake,  which  when  alone  was  the  most  active,  gav~*? 
l*^  n Mills  i ban  the  ammoniacal  salts. 

The  general  conclusions  from  a  review  of  the  results  of  Series1 
are.  that  with  an  excessive  amount  of  nitrogenous  manure,  tl**-1 
immediate  return  of  crop  from  a  given  amount  of  the  expensive 
mannrial    constituent — available  nitroyea — will    be    much  dim**" 
nished  ;  that  the  profit-ion  of  straw  will  be  greater — an  expen- 
sive end  to  which  to  devote  such  costly  means  ;  and  lastly,  that 
the  addition  under  these  circumstances  of  a   liberal  supply  °' 
certain  otherwise  effective  mineral  manures,  may  be  quite  inade- 
quate to  counteract  the  injurious  effect;  their  tendency  being  then 
as  seasons  go,  still  more  to  increase  the  straw  in  greater  p**" 
jM»rtion  than  the  corn. 

From  a  review  of  the  whole  of  the  results  relating  to  the  action 
of  spceial  manures  upon  the  barley-crop — taking  the  average  °| 
six  successive  years  of  growth  by  each,  on  land  in  an  agricnltiwi" 
sense  somewhat  exhausted — we  learn — 
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lat  exclusively  mineral  manures,  and   especially   those  con- 
og  phosphoric  acid,  annually  increased  the  produce  of  barley ; 
doing  so  in  the  first  year  of  their  application  on  land  in  the 
ition  described. 

lat  with  barley  grown  continuously  on  the  same  land  (as  was 
case  with  wheat),  nitrogenous  manures  had  a  much  more 
ing  effect  than  mineral  manures. 

lat  by  the  annual  supply  of  nitrogenous  manures  alone  (nitrate 
ida  or  ammoniacal  salts),  larger  successive  crops  both  of  corn 
straw  were  obtained,  than  by  the  annual  use  of  14  tons  of 
yard-manure — with  all  its  minerals,  and  certainly  more  nitro- 
than  either  the  nitrate  or  ammoniacal  salts  employed  by  its 

lat  within  certain  limits,  even  on  this  comparatively  exhausted 
(and  it  would  probably  be  more  nearly  so  on  soils  in  ordinary 
ition  for  the  crop),  nitrate  of  soda,  ammoniacal  salts,  and 
-cake,  all  increase  the  produce  of  barley,  approximately  in 
Drtion  to  the  amounts  of  nitrogen  they  respectively  supplied, 
r  comparative  effects  will,  however,  vary  somewhat  according 
sason,  the  nitrate  being  generally  more  rapid  in  its  action, 
lat  to  obtain  a  maximum  amount  of  increase  in  proportion 
tie  nitrogen  given  in  manure,  the  barley-crop  will,  on  the 
ige  of  seasons,  bear  a  considerably  less  acreage  amount  of  it 
is  required  by  the  wheat  crop  under  similar  circumstances, 
lat  the  effect  of  a  given  amount  of  nitrogen,  if  not  excessive, 
be  considerably  increased  by  the  addition  of  certain  mineral 
ires,  especially  those  containing  phosphates.  The  action  of 
mineral  manures  is  very  much  increased  under  „snch  circum- 
>es;  that  is,  their  application  gives  very  much  more  increase, 
i  there  is  present  a  liberal  supply  of  available  nitrogen  within 
oil,  than  when  there  is  not. 

other  words,  a  soil  brought  by  previous  cropping  into  a 
ition  to  require  manure  of  some  kind  before  it  will  grow  a 
crop  of  corn,  when  afterwards  cropped  year  after  year  with 
y,  only  yields  full  crops  when  a  liberal  amount  of  nitrogen 
ipplied  to  the  soil.  Mineral  manures,  especially  phosphates, 
derably  increase  the  action  of  the  nitrogen  so  suppliea ;  but 
sffect  of  such  mineral  manures  on  the  increase  of  crop,  will  be 
mely  limited,  without  there  be  a  liberal  amount  of  available 
yen  within  the  soil  itself. 

ie  conclusions  enumerated  above  have  been  arrived  at  by  the 
deration  of  experiments  on  the  growth  of  barley  by  various 
iituentfi  of  manure,  applied  year  after  year  on  the  same  land, 
ill  be  interesting,  with  the  information  thus  gained,  to  inquire 
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into  thf  amounts  of  barley  obtained  in  some  of  the  same  seasons, 
under  wry  different,  hut  also  to  a  certain  extent  known  condition* 


afforded,  we  shall  get  some  useful  check  upon  the  conclusions 
hitherto  arrived  at.  At  the  same  time,  so  far  as  those  conclusions 
are  to  he  trusted  upon  their  own  independent  evidence,  they  will  in 
their  turn,  sen e  to  afford  some  insight  into  the  comparative  chtmi- 
eal  conditions  <4'  soil,  for  exhaustion  or  otherwise,  to  which  the  re- 
sults \et  to  he  recorded  are  in  all  probability  due.  In  this  review 
we  shall  have  perhaps  still  clearer  evidence  than  has  been  already 
add  need,  of  how  utterly  unavailing  is  a  liberal  provision  of  the 
necessary  mineral  constituents  in  the  soil  to  give  even  a  moderate 
crop  of  barley,  unless  there  be  at  the  same  tune,  irithin  the  W, 
tir  nhil)li  mi iinji'i\ . 

The  first  set  of  collateral  experiments  to  be  noticed  is  one  in 
which  barley  was  taken  successively  from  the  same  land,  in  the 
>easons  l*.V>,  isr»l,  and  1855  respectively,  after  ten  successive 
crops  of  turnips,  which  had  been  grown  experimentally  with 
dilTerent  manures. 

Accordingly,  in  Table  XII.  we  have  the  produce  of  barley  a* 
under  : — 

1st  .  On  a  plot  where  turnips  had  been  grown  for  ten  years,  and 
in  the  last  seven  without  any  manure  whatever  ;  the  unmanured 
produce,  leaves  and  mots  together,  averaging  little  more  than  tw 
tons  per  acre  per  annum. 

L'nd.   On  a  plot,  comprising  several,   which  respectively  had 
liberal  supplies  of  different  mineral  manures  only,  every  yW 
during  the  last  eight  of  the  growth  of  the  turnips.    The  prouoce  oi 
the  in  mips  was  here  much  greater  than  on  the  unmanured  plot- 
On  some  portion  of  this  and  the  following  plots  all,  and  on  othe* 
portions  only  some,  of  the  mineral  constituents  of  the  turnip-craf* 
were  supplied  each  year  in  much  larger  quantity  than  they  wetr- 
taken  oil'  in  the  crops.     The  produce  of  the  succeeding  barter 
was,  however,  on  all  so  very  nearly  alike,  that  only  the  me**-* 
produce  over  all,  is  here  given. 

3rd.  On  a  plot  which  had  had  the  same  various  mineral  manura^ 
on  different  portions,  as  above,  for  the  turnips  ;  and  in  addiw*^ 
during  six  veal's — 1845  to  1850  inclusive — an  average  annit-^ 
amount  of  a! unit  14  lbs.  of  nitrogen  per  acre  in  the  form  of  anun^^ 
niacal  salts;  after  which  the  minerals  only  were  applied  for 
two  remaining  years  of  roots. 

4th.   On  a  plot  which  had  had  the  same  set  of  mineral  manu^- 
as  Xos.  -2  and  3  up  to  the  end  of  the  turnip  experiments,  and 
average  annual  addition  during  the  six  intermediate  years— 18^* 
to  lsiin  inclusive — of  about  05  lbs.  of  nitrogen  in  the  form 


that  will  thus  be 
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,pe-cake  which,  of  course,  further  contained  mineral  matters 
id  carbonaceous  organic  substance  also. 

5th.  On  a  plot  with  the  same  mineral  manures  for  the  turnips 
.  in  Nos.  2,  3,  and  4,  and  in  addition  during  the  six  interme- 
ate  years — 1845  to  1850  inclusive — an  average  aunual  supply 
about  139  lbs.  of  nitrogen,  given  as  a  mixture  of  both  rape-cake 
id  ammoniacal  salts. 

It  is  not  to  our  present  purpose  to  discuss  the  relative  amounts 

turnips  grown  on  these  five  different  plots.  But  it  may  be 
stted  generally,  that  the  mineral  manures  alone,  of  No.  2,  gave 
try  much  larger  crops  than  the  unmanured  plot  No.  1  ;  and  that 
e  addition  of  the  nitrogenous  and  other  organic  constituents 

the  mineral  manures,  as  on  Nos.  3,  4,  and  5,  always  gave  a 
rther  increment  of  increase.  It  should  be  added,  however,  that 
e  produce  by  the  six  years'  addition  of  nitrogenous  manures  did 
>tt  even  in  the  eight  years — that  is,  including  the  two  which 
coeeded  the  application — return  in  either  of  the  three  cases  the 
trogen  in  increase  which  had  been  supplied  as  manure.  Where 
trogen  was  supplied  in  the  manure  for  the  turnips,  wre  should 
erefore  expect— unless  it  were  evaporated  or  drained  in  some 
ma  from  the  soil,  distributed  too  widely  throughout  it,  fixed  in 

in  an  unavailable  condition  of  combination,  or  in  some  way 
i8sipated  during  the  growth  of  the  plant — that  there  would  be 
>me  remaining  available  for  the  three  succeeding  crop  of  barley, 
ndeed  the  object  of  growing  the  barley  three  years  in  succession 
ver  these  plots  without  any  fresh  manure,  was  to  reduce  them  as 
w  as  possible  to  an  equal  condition  as  to  available  nitrogen, 
efore  commencing  a  new  series  of  turnip  experiments. 

Before  giving  the  Table  of  the  produce  of  barley  obtained  in 
three  years — 1853,  1854,  and  1855 — as  above  described,  it 
'ould  be  further  explained,  that  in  the  second  year  of  barley  (1854) 
portion  of  the  land,  numbered  6  in  the  Table,  which  had  the 
Ueral  manures  only  for  the  turnips,  received  in  the  second  year 

barley  about  82  lbs.  of  nitrogen  per  acre  in  the  form  of  ammo- 
K5al  salts  ;  the  barley  following  again  in  1855,  but  without  any 
ther  addition  of  nitrogen.  Lastly,  another  portion  with  the 
&eral  manures  alone  previously  (No.  7  in  the  Table),  received 
tlie  same  year  (1854),  for  the  barley,  about  82  lbs.  of  nitrogen 
tjie  form  of  nitrate  of  soda;  and  in  the  third  year  (1855)  about 
libs,  more  nitrogen  in  the  same  form. 

Ilie  produce  of  barley  obtained  after  ten  years1  turnips  on  these 
plots  is  given  in  Table  XII.,  which  follows : — 
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Table  XII.— Experiments  with  Babley,  Gbown  after  Tubkips  ten  Yean  in 

for  several  Yon 


(Btrn-Reld 


No. 

DESCRIPTION  OF  MANURES  FOR  THE  TURNIPS. 

Total  Oonpv 

1 

a 

8 
4 
6 

Mineral  Manures,  since  1844,  and  Rape  Cake,  and  Ammoniacal  Salts  .     .  1845-50  inclusive  (in  all 

anibaiittMSBi 
-5S9njs.litnc«) 
-  881 D*  XfcngaV 

S 

M 

Part  of  Mineral  Plot,  with  400  lbs,  Ammoniacal  Salts  =  82  lbs.  Nitrogen  per  Acre,  in  1854      .  . 
Part  of  Mineral  Plot,  with  550  lbs.  Nitrate  of  Soda     =  89  lbs.  Nitrogen  per  Acre,  in  18641     .  . 

and  with  lia  lbs.  Nitrate  of  Soda     a  17  lbs.  Nitrogen  per  Acre,  in  18551     .  . 

Total  Straw 

i 

3 
3 
4 

5 

Mineral  Manures,  since  1844,  and  Rape  Cake  and  Ammoniacal  Salts    .    .  1845-50  inclusive  (in  all 

-Wins.  MM* 

-snobs,  map* 

fl 

M 

Part  of  Mineral  Plot,  with  400  lbs.  Ammoniacal  Salts  -  88  lbs.  Nitrogen  per  Acre,  in  1854      .  . 
Part  of  Mineral  Plot,  with  550  lbs.  Nitrate  of  Soda    -  83  lbs.  Nitrogen  per  Acre,  in  1854)     .  . 

and  with  113  lbs.  Nitrate  of  Soda    -  17  lbs.  Nitrogen  per  Acre,  in  1855  f     .  . 

Total  Produce  (On*' 

l 

2 
H 
4 

5 

Mineral  Manures,  since  1844,  and  Rape  Cake  and  Ammoniacal  Salts    .     .  1845-50  inclusive  (in  an 

«snibs.mtRs« 

6 

'{ 

Part  of  Mineral  Plot,  with  400  lbs.  Ammoniacal  Salts  =  83  lbs.  Nitrogen  per  Acre,  in  1864      .  . 
Part  of  Mineral  Plot,  with  550  lbs.  Nitrate  of  Soda    -  83  lbs.  Nitrogen  per  Acre.  In  18541     .  . 

and  with  113  lbs.  Nitrate  of  Soda    -  17  lbs.  Nitrogen  per  Acre,  in  1855/     .  . 

Dressed  Corn  per  A**-^ 

1 

2 
H 
4 

6 

Mineral  Manures,  since  J  844,  and  Rape  Cake  and  Ammoniacal  Salt*        .  1845-50  inclusive  (in  ail 

Zmifettss* 

6 

M 

Part  of  Mineral  Plot,  with  400  lbs.  Ammoniacal  Salts  -  83  lbs.  Nitrogen  per  Acre,  in  1854      .  . 
Part  of  Mineral  Plot,  with  550  lbs.  Nitrate  of  Soda    -  83  lbs.  Nitrogen  per  Acre,  in  18541     .  . 

and  with  112  lbs.  Nitrate  of  Soda    -  17  lbs.  Nitrogen  per  Acre,  in  1856/    .  . 

Weight  per  1 

Snshsl  of  tt**^ 

l 

a 

8 
4 

6 

Mineral  Manures,  since  1844,  and  Rape  Cake  and  Ammoniacal  Salts   .    .  1846-60  nxtaalve  (In  all 

-awfcmS 
-snBjs.nss* 

0 

'< 

Part  of  Mineral  Plot,  with  400  lbs.  Ammoniacal  Salts  -  83  lbs.  Nitrogen  per  Aon,  in  1854     .  . 
Part  of  Mineral  Plot,  with  650  lbs.  Nitrate  of  Soda    -  83  lbs.  Nitrogen  per  Aera.  in  1854)     .  . 

and  with  113  lbs.  Nitrate  of  Soda    -  17  lbs.  Nitrogen  per  Aera.  In  1866/    .  . 

*  Id  these  esses  the  Total  and  Average  Annual  Produce  are  given  for  two  yet 
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avion,  which  were  manured  with  the  saroe  kind  of  Manure  on  the  same  Plot 

natively. 

lainsted,  Herts) 


Pw 

>DUCX  KB  A< 

»». 

IXCREAHK  PKB  AcitK,  BT  MaXCTUC. 

* 

1864. 

1866. 

Total. 

Averafe 

Annual. 

Total. 

Avenge 
Annual 

in  lb*. 

• 

101a 

1016 

S177 

1060 

Over  Unmannred. 
Over  Mineral  Manures. 
Over  Mineral  Manures. 
Over  Mineral  Manures. 

Over  Mineral  Manures  (2  years). 
0\?r  Mineral  Manures  (2  years). 

■ 

N 

m 
% 

1077 
11«7 

im 

1889 

1078 
1164 
1308 

ian 

8940 
8846 
4880 
49R6 

Ills 
1216 
1440 
142H 

168 
806 

two 

046 

64 

103 
888 
816 

sow 

8234 

1434 

'  4423 
*  6406 

*  2311 

*  2740 

•  2367 

•  8887 

'  1188 
*  1068 

in  lb*. 

» 

16*0 

1166 

4104 

180ft 

I -cm  than  Un  manured. 
Over  Mineral  Manures. 
Over  Mineral  Manures. 
Over  Mineral  Manures. 

Over  Mineral  Manures  (3  years). 
Over  Mineral  Manures  (3  years). 

• 

H 

lwr 
1*34 

ITHt 
1W 

nas 

1177 
1400 
1378 

8060 
4241 

510a 

406a 

1810 
1414 

1701 
1661 

286 

aat 

1144 

(104 

79 
94 
8*1 
831 

4*79 
1781 

1438 
2459 

•  6907 
'  7340 

*  2tf08 

*  8030 

*  saw 

•  4716 

•  1641 
'  2S67 

»  per 

Acre— in  It 

w 

364* 

217* 

7871 

2457 

Leu  than  Unman ured. 
Over  Mineral  Manures. 
Over  Mineral  Manures. 
Over  Mineral  Manures. 

Over  Mineral  Manures  (3  years). 
Over  Mineral  Manures  i2  years). 

m 

M 
■ 
It 

2474 
Mil 

nn 

SIM 

2306 

ana 

3666 

720H 
7HH6 
SH41 
08S7 

2482 
2fl*> 
8147 

8070 

78 
698 
2148 
1080 

36 
108 
714 
6441 

T»77 
N006 

ansa 

4727 

*  10,239 
'  12,732 

'  6114 

*  6806 

'  5640 
'  M62 

•  2771 

*  403G 

belt  and  PcckM. 

17  3( 

10  0 

M  H 

1H 

Over  rnmanured. 
Over  Mineral  Manures. 
Over  Mineral  Manures. 
Over  Mineral  Manures. 

0\li  Aliiural  ManurcH  <2  >cars). 
Over  Mineral  Manures  (2  years). 

1 

19  a 
ai  oi 

S  It 

10  si 
21  ai 

38  S) 

as  s 

M  .-U 
a  HI 
77  Oi 
7«  21 

19  »1 
22  0 
2S  8 
25  3| 

8  0 
6  Of 
17  11 
16  S( 

1  0 
3  0 
6  8 
5  2] 

oa  if 

64  St 

a*  *| 

40  14 

•  7*  :=i 

•  W»  01 

-  :iy  1, 
*  17  2t 

-  :i9  I} 
'  06  3 

•  19  ?; 

'  27  8| 

In  lb*,  and  tenths. 

• 

fis-aa 

5100 

6242 

0 

ft 

m 

B 

U-40 
6S-M 

61-07 
6160 
Cl'HH 
61  IM 

vim 

62-04 
62  06 
527H 

64 -ao 

68-19 
68-04 

68-34 
53-27 

ind  Average  Annual  Incrtaac  alsto,  arc  calculated  only  for  the  two  corresponding  yean. 
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T  . : . j  :■  ti.e  r^uks  relating  to  the  continuous  crowth 

•  :  .:.  H  f.i'.'L  given  in  former  tables,  and  those  here 
-  :  ...  T  .  XII..  v.v  haw  the  mean-?  of  comparing  the  prodnce 
« :  -  /  1  wiir.out  manure  during  three  years  m  suo 
«  •  -  .  >un»-?  of  unmanured  turnip  crops,  with  that 

•  •         \  s\me  season*  without  manure,  on  laud  of  very 

character :  but  which,   differed    widely  in  the 
.       *      ::.\  \  .-.-\  by  th».-  very  different  cropping.  Ac.  to  which 

Next,  confining  attention  to  the  result* 

•  ■•  :  i  ciiv.-y  lifter  ten  years"  turnips  (in  Table  XII.).  w* 
i. :  ■• .  '  \  .  .  :      ptv-luee  after  the   Hmtaiiutmi  turnips  a*  the 

-\ -."\  ':"i:.p;iri>Mii.  the  means  of  judging  of  the  effects  "ii 
i\-  barley,  of  an  enormous  excess  of  mineral  manure* 

:s;-j  '•«:  fur  tin-  previous  turnip  crojis.  Compared  with 
I..-  barley  obtained  after  this  large  residue  of  mineral 

1 1 ::  i   by     ti.:<    time.    n«>    doubt,   considerably  distrihmcil 

th!- •  -  i'. — we  can  trace  the  increase  due  to  any  available 

r.  >.«lii-  <■:      :  "ueii.  win  re  it  was  added  in  the  different  forms  t» 

iiK:;-r;i]  n-.aimrcs  for  the  turnips.  Lastly,  by  the  effects  ««f 
t. i i •  -  d. !•<•'■  addition  of  nitrogenous  manures  for  the  barley  (as  in 
N«-.  r.  and  7 1.  in  the  residual  high  mineral  condition,  we  can 
ju'l'.e.  wii'  thci  or  not.  any  deliciency  of  the  crop  on  the  othtf 
]•:       u;i-  probably  attributable  to  a  want   of  nroihibU  ttitrw* 

1 1  !!.•■  characteristic  influence  of  a  mtntinti  tf  rrvj*,  upon  the 
in' -ri.aM .<l  <n«.\\th  of  tlu-  cereals,  lie  at  all  materially  due  to  the 
flabm-a-Jon  in  tlu-  soil,  during  the  growth  of  other  crops,  of  the 
]!•••■ --an  mim.ral  supplies  for  the  white  crop,  it  might  surely  h* 
e\jH<  t,«i  that  here,  after  ten  meagre,  unmanured  crops  of  turnip 
a].|ir«»]»riatimr  no  amount  of  silicates,  we  should  have,  if  ever  it 
w.  re  |iov.ihle,  a  large  produce  of  Uirley,  depending,  with  tht*»- 
ri<  h  Mores  of  prepared  mineral  food  in  the  soil,  upon  atmospheric 
soiuve*  for  it<  nitrogen  f    If  not  after  the  many  crops  of  w- 
///  /////////  turnips,  surely  after  those   provided  with  a  very  large 
e.\c>s<  of  other  mineral   matters  than  silicates — the  crop  takiitf 
none  of  the  latter  out — we  should   have  enough  elaborated  and 
conserved  in  the  soil  k>th  of  these  and  of  all  other  mineral  con- 
si  iinenrs.  to  yield  the  fullest  crop  of  barley  which  it  is  ycRW* 
to  obtain  by  "the  conjoint  influence  of  a  very  rich  mineral  cond1' 
tion  of  soif,  and  the  normal  season  supplies  of  available  nitrogen' 
What  is  the  result  r  . 

In  the  following  Table  (XIII,),  is  afforded  a  summary  view  tf 
the  produce  of  l>ar ley  without  manure  for  the  three  years  in  ques- 
tion, in  Hoos-field,  devoted  to  the  experiments  on  the  continiK^ 
growth  of  barley  by  different  manures,  side  by  side  with  tn*r 
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ned  after  many  successive  turnip  crops,  which  had  been 
ctively  grown  without  manure,  and  with  an  excessive 
ly  of  mineral  manures  : — 

Table  XIII. 

of  Unman ubkd  Barley,  in  the  continuous  Series  in  Hoos-Field, 
ed  with  that  after  many  Crops  of  Turnips  either  Unmanured  or  with 
1  Manures. 


Produce  of  Barley  per  Acre. 

Increase,  or  Lom, 
per  Acre. 

1868. 

1854. 

1855. 

Total 
(8  Tears.) 

Average 
Annual. 

Total 
(8  Tear*). 

Average 
Annual. 

Dressed  Corn  per  Acre,  In  Bushels  and  Pecks. 


bah. 
•m 

r- 

bah. 
84 

f- 

bah.  pk. 
84  «t 

bsh. 
95 

bah.  pk. 
81  8f 

bah.  pk. 

ball.  pk. 

Alter  Unmanured  Turnips  .  .  . 
.Alter  Mineral-manured  Turnips  . 

20 

n 

17 

19  0 

86 

1 

18  aj 

20 

19 

? 

19  8| 

69 

19  8| 

8  0 

1  0 

Total  Corn,  per  Acre,  lbs. 


Onmanured  Plots  

[Alter  Unmanured  Turnips  .  .  . 
(After  Mineral- manured  Turnip*  . 

1647 
1149 
1185 

1940 
1012 
1077 

1934 
1016 
1078 

5421 
8177 
8840 

1807 
1059 
1118 

168 

54 

Total  Straw,  per  Acre,  lbs. 

f  After  Unmanured  Turnips  .  .  . 
1  Alter  Mineral-manured  Turnips  . 

1885 
160H 
14SS 

2396 
1680 

1897 

IffU 
1166 
112R 

6104 
4194 

8968 

2065 
1898 
1819 

—286 

—79 

Total  Produce  (Corn  and  Straw)  per  Acre,  lbs. 

(Alter  Unmanured  Turnips  .  .  . 
lAlter  Mineral -manured  Turnips  . 

8412 

2*57 
2818 

4*85 
2542 
2474 

8888 
2173 
2206 

11615 
7871 
7298 

8872 
2457 
2482 

—78 

—25 

omparmg  the  produce  of  barley  on  the  unmanured  plots  in 
two  fields,  and  without  going  into  the  detail  of  the  separate 
a,  it  is  seen  that,  although  in  the  field  of  continuous  barley 
iriments,  there  was  an  annual  average  produce  over  the  three 
a,  of  31  bushels  8£  pecks  of  dressed  corn,  or  1807  lbs.  total 
,  there  were,  after  the  ten  meagre  crops  of  turnips,  only 
bushels  8f  pecks  of  dressed,  and  1059  lbs.  of  total  corn.  Of 
the  average  annual  yield  for  the  three  years  was  2065  lbs. 
he  field  of  continuous  barley,  and  only  1898  lbs.  after  the 
ips.  We  have  then,  less  than  two-thirds  as  much  corn,  and 
about  two-thirds  as  much  straw,  after  the  ten  years'  turnips, 
x  the  field  whence  much  more  corn  had  been  recently  taken, 
act,  a  produce  of  scarcely  19  bushels  per  acre  per  annum  of 
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l>ark-y  corn,  and  little  more  than  half  a  ton  of  straw — toft 
equal  lo  not  a  ton  of  dry  substance  of  produce — must 
admitted  to  be  exceedingly  small.  The  ronditi)n  of  the 
after  ten  successive  crops  of  turnips,  must  have  been  for  V 
growth,  at  the  lowest  possible  point. 

That  a  lil>eral  supply  of  mineral  constituents  distri' 
through  the  soil,  cannot  restore  this  exhausted  fertility,  is  se» 
the  produce  of  Iwirley  after  the  mineral-manured  turnips, 
ten  years  of  turnips,  the  last  eight  of  which  were  grown  by  \ 
sivc  supplies  of  mineral  manures,  we  have  an  annual  avera 
M  U)s.,  or  1  bushel  of  corn  more,  and  7i>  lbs.  of  straw 
-  lC>  lbs.  less  total  in-oiline,  than  after  the  unmauured  i\m\\\ 

In  what  eonstituent  or  constituents  had  these  uiimanurec 
mineral-immured  turnips  exhausted  the  soil,  in  so  far  as  the 
production  of  barley  was  concerned,  to  a  jjoint  even  far 
that  arrived  at  in  the  other  Held  by  the  previous  growth  <. 
crop  of  wheat,  one  crop  of  barley  with  sulphate  of  aminouii] 
one  crop  unmanured — that  is,  three  white  straw  crops  in  s 
siun  without,  mineral  manure?  An  examination  of  Table 
will  throw  some  light  on  this  point. 

It.  has  already  l>een  said,  that  there  was  an  average  a 
increase  of  f>4  lbs.  of  corn,  but  a  decrease  of  25  lbs  total  pn 
where  the  barley  succeeded  the  mineral-manured  turnips, 
pared  with  the  produce  after  the  unmanured  turuips.  T 
now  the  produce  after  the  mim- ml -manured  turuijx?  ai 
standard  of  eoiiijKirison,  there  was,  where  in  the  six  middle 
of  (he  ten  of  turnips  amuiouiacal  salts  had  also  been  applit 
annual  average  increase  in  the  succeeding  barley  of  loi  lbs. 
and  \U  lbs.  straw,  —  UM>  lbs.  total  produce. 

Mill  cornering  with  the  produce  after  the  mincral-uia 
turnips,  we  have,  where  in  six  years  out  of  the  ten  rape-oak 
employed  in  addition  to  the  minerals,  an  average  annual  in 
of  succeeding  barley,  of  :J:>;J  U>s.  corn,  and  381  lbs.  straw,  =  71 
lotal  produce. 

Lastly,  where  (luring  six  veal's  both  amnion  iacal  salts  and 
cake  were-  added  to  the  mineral  manures  for  the  turni|js,  th( 
e<vding  barley  gave  an  annual  average  increase  of  His. 
and  ;i:il  lbs.  straw,  =        lUs.  total  produce. 

We  had  then,  with  a  residue  in  the  soil  of  merely  m 
manures,  even  a  loss  of  produce  of  liar  ley — due  to  a  greater  gr 
and  consequent  greater  exhaustion  of  other  matters,  bj 
1 1 1 in i ] >.  We  find,  on  the  other  hand,  a  perceptable  gain  ii 
barley  wherever  the  turnips  had  received  either  amnion iaca I 
or  rape -cake  as  well  as  the  mineral  manures.  Even  hero, 
ever,  i  he  produce,  with  this  nitrogenous  and  full  mill  end  re 


On  the  Growth  of  Barley  by  different  Manures,  Ac. 


49 


e  soil,  was  not  equal  to  the  annual  unmanured  produce  in 
her  field,  where  the  barley  was  growing  continuously, 
at  the  beneficial  effect  of  the  residue  of  the  rape-cake  was 
ae  to  the  mineral  constituents  it  supplied,  may  be  judged  by 
ict,  that  the  residue  of  the  direct  mineral  manures  had  not 
ich  effect.  It  was  undoubtedly  a  residue  of  available  nitrogen 
i  the  soil,  that  gave  the  increase  of  produce  of  barley  where 
rnmoniacal  salts  or  rape-cake  had  been  employed  for  the 
w.  If  this  be  admitted,  we  have  in  the  facts,  at  once  a 
fvi  illustration  of  the  degree  of  reliance  upon  nitrogen  in 
>il  of  the  turnip  crop,  and  of  the  utter  incapability  of  rich 
ee  of  mineral  constituents  in  the  soil,  to  be  of  any  avail  in 
agricultural  quantities  of  barley,  unless  there  be  at  the 
time  within  flie  *oiU  a  liberal  amount  of  available  nitrogen. 
further  proof  be  wanted  that  the  necessary  mineral  consti- 
i  were  in  abundance,  and  available  in  this  turnip-exhausted 
or  very  full  crops  of  barley,  provided  only  available  nitrogen 
also  within  the  reach  of  the  roots  of  the  plants,  it  is  to  be 
I  in  the  results  of  the  experiments  Nos.  6  and  7  (Table  XII). 

ammoniacal  salts  and  nitrate  of  soda  respectively,  were 
1  to  a  part  of  the  turnip  plot,  where  the  residue  of  the 
p  mineral  manures  alone,  had  been  unavailing  to  increase 
ffoduce  of  barley. 

-  1853  the  produce  of  barley  on  the  mineral-manured  turnip- 
fc  was  2<)£  bushels.  In  1854  those  portions  of  the  mineral- 
tired  plots  left  without  further  manure  gave  19^  bushels.  But 
re  now  (in  1854),  about  82  lbs.  of  nitrogen  per  acre  were  added 
oamoniacal  salts,  we  had,  instead  of  19^  bushels,  b'2\  bushels 
■arley  ;  and  where  the  same  auantity  of  nitrogen  was  added 
litrate  of  soda,  54 £  bushels.  The  increase  in  the  produce  of 
?  was  in  greater  proportion  still.  By  the  addition  of  the 
loniacal  salts,  the  straw  was  raised  from  1397  lbs.  per  acre 
1379  lbs. ;  and  by  the  nitrate  of  soda  it  was  increased  to 
I  lbs.    The  total  produce  (corn  and  straw  together),  was 

from  3  to  3£  times  as  great  by  the  simple  addition  of  am- 
iacal  salts  or  nitrate  of  soda.  And  it  may  be  observed,  in 
ing,  thai  here  again  nitrate  of  soda  was  more  active  than  an 
med  equal  amount  of  nitrogen  given  as  ammoniacal  salts. 
»  is  very  remarkable  too,  that  although  the  produce  after  the 
eral-manured  turnips  was  little  more  than  naif  as  much  as 

unmanured  produce  in  the  field  of  continuous  barley  expen- 
ds, yet  the  addition  of  a  given  amount  of  nitrogen  gave  very 
•ly  identical  results  in  both  fields.  Thus,  after  the  mineral- 
uired  turnips,  we  had,  with  the  ammoniacal  salts  and  nitrate 
Boda  respectively,  7377  lbs.  and  8005  lbs.  of  total  produce 
•n  and  straw  together)  ;  and  in  the  field  of  continuous  barley 
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experiments  we  had,  with  the  same  amount  of  nitrogen,  srivwi 
as  ammoniaeal  salts  (without  minerals),  7548  lbs.,  and  as  nitratr 
of  soda  (second  year  without  minerals),  7400  11 is.  of  total  prnduu-. 
Again,  in  the  same  field  of  continuous  barley  experiments,  the 
mean  result  of  direct  mineral  manures  and  ammoniaeal  salts 
together,  was  n3l>o  ll>s.  ;  and  that  of  even  more  nitrogen  given 
as  rape-cake  (itself  supplying  also  mineral  constituents,  as  well 
a-i  carbonaceous  organic  matter),  with,  in  3  out  of  4  wises,  ilinvt 
mineral  manures  also,  was  Hlf>0  lbs. 

In  the  contrasts  and  coincidences  afforded  by  the  results  i" 
these  two  fields,  we  have  the  clearest  evidence,  that  it  was  in 
(tr<iil<ibh  nitrogen  for  the  barley  crop,  that  the  previously  mineral* 
manured  turnip  soil  had  Income  deficient,  as  compared  with  tin* 
unman ured  land  in  the  field  of  continuous  l>arley  exjKTiiM'iit*. 
1 1  i<  evident  moreover,  that  on  the  mineral-manured  turnip  pM* 
there  was  an  abundant  provision  of  the  requisite  mineral  cou?ti- 
nicnts  for  an  exceedingly  full  crop,  within  the  reach  of  the  lorfej 
plant,  ]irovided  only  ttr/rilable  nitrogen,  were  also  within  nV 
reach  of  its  roots.  Lastly,  with  the  widely -differing  enr.dil^ 
of  (he  land  in  the  two  fields  without  further  nitrogenous  manuw. 
and  t  he  approximation  to  equal  amounts  of  produce,  when,  witi. 
comparable  other  conditions,  l>oth  are  supplied  with  a  full  drt*- 
ini»-  of  such  man uif,  again  we  learn,  how  marked  is  the  influence 
of  ^ca«»n  on  the  productive  effects  of  our  most  active  manures. 


With  the  further  light  upon  the  "condition"  of  soil  requir*^ 
by  the  barley  crop,  which  the  examination  of  the  produce  ob- 
tained after  ten  years  of  turnips,  and  its  comparison  with  that  * 
(he  other  lield,  affords,  we  will  now  examine  the  results  obtain 
in  ^till  another  field,  under  circumstances  differing  widely  fir*-" 
those  of  either  of  the  other  two. 

The  held  now  to  be  spoken  of,  immediately  adjoins  the 
where  the  barley  succeeded  ten  years  of  turnips,  as  last  nnA-' 
notice.     In  is  18  three  portions  of  nearly  an  acre  each  were 
apart  fur  separate  experiments  on  the  chemical  statistics  of  rv^ 
hi. its  i if  i  riijis. 

For  all  three  of  these  portions  of  land  the  rotation  chosen 
— in  mips,  barley,  clover,  wheat.     When   the   second  course 
clover  came  round,  after  a  lapse  of   only  four  years,  it.  as 
to  he  expected,  failed;  and  hence,  half  of  each  plot  was 
with  I  leans,  and  the  other  half  fallowed  instead.    None  of  ^ 
erops  were  to   l>e  manured  excepting  the  turnips,  which  co* 
menced  each  course. 

The  plot  devoted  to  Rotation  No.  1  was  to  remain  entvre 
un manured — even  for  the  turnips— course  after  course. 
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e  turnips  of  each  course,  of  Rotation  No.  2,  were  to  be 
red  with  superphosphate  of  lime  alone. 

e  turnips  of  Rotation  No.  3  were,  each  time  they  came 
1,  to  be  manured  with  superphosphate  of  lime,  the  sulphates 
>tash,  soda,  and  magnesia,  2000  lbs.  rape-cake,  and  100  lbs. 
sulphate  and  muriate  of  ammonia,  per  acre. 
\  have  here,  therefore,  three  parallel  rotations  with  the  same 
—the  one  with  no  manure  whatever,  course  after  course ; 
ond  with  superphosphate  of  lime  alone  once  in  four  years  ; 
i  third  with,  after  the  same  interval,  a  mixed  manure,  sup- 
;  liberally  to  the  soil  phosphates  and  other  mineral  consti- 
8,  and  both  nitrogen  and  carbonaceous  organic  substance, 
each  of  these  three  four-course  rotation  experiments  has 
in  progress  since  1848,  they  have  each  afforded  us  three 
f  crops,  after  turnips  respectively  so  variously  manured ; 
ly,  in  1849,  in  1853,  and  1857.  And  as  from  half  of  each 
p  plot,  the  entire  produce,  leaves  and  roots,  was  carted  off,  and 
te  other  half  the  roots  were  eaten  by  sheep,  and  the  leaves 
buted  over  the  land,  we  have  the  produce  of  the  barley  on 
turnip  plot  subdivided,  so  as  to  show  the  comparative  effects 
ch,  of  the  drawing  off  and  folding. 

thout  going  into  any  lengthened  detail  regarding  any  other 
of  these  rotations  than  the  barley,  it  may  be  stated  generally, 
the  turnips  grown  by  the  full  mixed  manure,  averaged  over 
ns  each  course,  of  entire  produce,  leaves  and  roots  together  :  the 
of  the  last  course  was,  however,  rather  the  smallest  of  the 
.  The  superphosphated  turnips  gave  an  average  per  course 
8  to  14  tons  leaves  and  roots,  the  first  crop  being  some  tons 
>,  and  the  last  some  below  that  amount.  The  unmanured 
ps  again,  gave  an  average  of  4  to  4^  tons  per  course,  leaves  and 
But  whilst  the  first  unmanured  crop  amounted  to  from 
10  tons,  the  second  and  third  did  not  reach  2  tons  each  of 
produce.  It  need  only  be  further  remarked,  that  as  there 
a  much  greater  falling  off  in  each  succeeding  turnip  crop 
3  it  was  unmanured,  or  received  only  superphosphate  of 
than  where  there  was  a  full  manuring  each  course,  it  may 
ldged  that  the  soil  contained  a  larger  unexhausted  residue  of 
ible  constituents  from  previous  cropping,  &c,  at  the  com- 
ement  of  the  first  course,  than  at  that  of  the  others, 
ble  XIV.,  which  follows,  gives  the  produce  of  barley,  in  each 
le  three  courses,  of  each  of  these  three  differently-manured 
ions.  It  is  also  in  each  case  given  separately  for  the  portions 
3  the  turnips  were  respectively  carted  off,  or  eaten  on  the 
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TABLE  Experiments  with  Barley  Grown  in  ForB-Oouaax  H-miTOW, 

commendnff  with  Hoots  differently  lUavum,  the  same  M«mm  b«M 
1  on  the  some  Land  for  the  Hoot*  of  the  three  sac 

(Agdell-Field,  flotnamstecl  Herfce.) 


ROTATION,  No,  i. 


ROTATION,  Ho.  a. 

Kl»l-ll    CfltWV!  COEUtMJIlC 
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,of  iitCotir*e-SflMt>ti*lM» 
Rarl-y  ofsiiclOom-Jo-Seaao-JjWS 
W  Snl  Couri-e-SeiJiGM357 

Still 
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13 
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rm 
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m 
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ssn 

ffU 

M 
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1  Straw 

per  Acre— Lb*. 

f of  t  st  Course— tfcawl).  1*4^ 
k-»       2ndO  I  -■    *  fiw.njhsa 
'of  3rd  Coiirsti-SflasoDjufr? 
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im 
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94*0 

m 
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1646 
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0 
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Mean  of  the  3  Bartej  Crops  * 
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ft 
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33 
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si 
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The  figures  in  Table  XIV.  deserve  a  careful  examination  by  the 
reader.  Our  space  will  only  allow  us  to  call  special  attention 
to  one  or  two  points  of  prominent  interest.  To  aid  us  in  this,  we 
subjoin  in  Table  XV.,  given  below,  a  summary  statement  of  the 
produce  of  barley  obtained  where  the  turnips  were  carted  off  in 
the  unmanured  rotation,  by  the  side,  when  at  command,  of  the 
unmanured  produce,  in  the  same  years,  in  the  other  two  fields  : — 

Table  XV. 


HISTORY  OF  THE  LAND. 


Produce  of  Barley, 
Unmanured. 


1840.     1853.  1857 


DreswJ  Corn  per  Acre,  in  Bushels  ami  Pecks. 


Agdell-Field— In  four-course  Rotation  after  Turnips  Unmanured  and  Carted  off 

Hoot-Field  —In  continuous  Barley  Series  

Barn-Field  —After  10  crops  of  Turnips  Carted  off  (8  Unmanured)  .  . 


b»h.  pk. 
45  Oj 


huh.  pk. 
33  1 
26  3 
20  0* 


tMh.  pk. 
46  OA 
30  l{ 


Total  Corn  per  Acre,  lbs. 


Agdell-Field— In  four-course  Rotation  after  Turnips  Unmanured  and  Carted  off 

Hoos-Pteld  —In  continuous  Barley  8eries  

Barn-Field  —After  10  crops  of  Turnips  Carted  off  (8  Unmanured)  .... 


1047 
1547 
1149 


2592 
1679 


Total  Straw  per  Acre,  lbs. 


Agdell-Field— In  four-course  Rotation  after  Turnips  Unmanured  and  Carted  off 

Hooa-Field  —In  continuous  Barley  Series  

Barn-Field  —After  10  crops  of  Turnips  Carted  off  (8  Unmanured)  .... 


2992 


2309 
1865 
1508 


2465 
1604 


Total  Produce  (Corn  and  Straw)  per  Acre.  lbs. 


Agdell-Field— In  four-course  Rotation  after  Turnips  Unmanured  and  Carted  oil 

Hoos-Field  —In  continuous  Barley  Series  

Barn-Field  —After  10  Crops  of  Turnips  Carted  off  (8  Unmanured) .... 


5673 


4256 
3412 
2657 


5067 
3283 


The  first  point  of  observation  brought  prominently  to  light  by 
this  summary  Table  is,  that  the  produce  of  barley  obtained  in 
rotation,  even  when  the  turnips  were  both  unmanured  and  carted 
off,  was  considerably  greater  than  when  the  crop  was  grown 
annually  in  succession  on  the  same  land.  This  too  was  even 
more  strikingly  the  case  in  the  third  unmanured  course  than 
previously.  It  has  been  already  seen  that  the  barley  obtained 
continuously  in  succession,  was,  on  the  other  hand,  considerably 
more  than  that  after  a  series  of  unmanured  turnip  crops. 

Bearing  in  mind  the  point  last  mentioned,  and  now  referring 
to  Table  XIV.,  it  is  interesting  to  observe,  tliat  in  each  of  the 
tliree  seasons  of  barley  in  rotation,  the  produce  was  considerably 
less  after  the  carted -off  turnips  grown  bv  superphosphate  of  lime, 
than  after  those  without  any  manure  whatever.  After  what  has 
already  been  gathered  of  the  nitrogen-exhausting  characters  of  the 
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turnip,  this  result  is  easily  explained  by  the  fm^  that  mac  3 
larger  crops  of  turnips  were  in  each  course  taken  from  the  fltfef 
phosphated,  than  from  the  unmanured  rotation  land,    Cimsk^iiP  _ 
with  this  (omitting  the  first  course  when  the  existing  rondtim 
the  land  obviously  somewhat  interfered  with  the  result  m  al  * 
three  rotations),  it  is  on  the  other  hand  seen,  that  the  fed  sups"* 
phosphated  turnips  gave  larger  succeeding  crops  of  barley  tlminm 
the  fitl  un  manured  ones, 

f[  is  unit! iv  <»f'  remark,  that  on  the  entirely  rimnanured  Mali' 
plot,  the  barley  after  the  fed-on-turnipfl  was,  in  the  last  tv  * 
courses,  when  the  turnips  had  amounted  to  less  than  2  tons  per  i 
total  produce,  even  somewhat  leas  than  where  the  eomsponc 
crops  of  roots  had  been  carted  from  the  land,    Tin's  was  posBiUy 
due  to  more  injury  being  iffQA  &0  the  texture  of  the  land  hf  tfc^ 
treading  of    the  sheep,  than  wan  compensated  by  the  trifling* 
amount  of  manure  from  the  consumption  of  such  meagre  crcfft=* 
of  turnips. 

It!  the  case  of  the  full  manured  turnips,  as  well  as  the  stJ|*r  — 
phosphated    ones,  there    was,  however,  always    a  considerable^ 
increase  in  the  succeeding  harley  by  feeding  the  turnips  on  tbe^ 
land-    As  was  to  be  expected,  too,  the  barley  after  the  highly* 
manured   turnips,  whether  carted  off  or  fed  on   the  land, 
always   heavier  than  after  the   corresponding  superphcepliAte*^ 
ones'   On  the  other  band,  the  difference  in  the  amount  of  hurley 
depending  on  whether  the   turnips   were  fed  on   the  laud 
removed,  was  considerably  greater  where  the  sopeqihoqihate  < 
lime  alone  was  employed  for  the  roots.    This  was  \mth  9l 
as  already  implied,  to  the  fact  that  the  removed  gBperphospl 
turnips  had  drawn  from  the  land  more  of  oertAio  omstiti 
not  supplied  in  manure,  and  therefore  left  the  soil  poorer 
them  for  the  succeeding  barley,  than  where  the  full  tmumftt  ^ 
even  no  manure  whatever  {with  the  consequent   meagre  turn*  J-"* 
crops),  was  employed,    Rut  as  there  was  evidence  that,  where  It*** 
highly  manured  turnips  had  been  fed  on  the  land,  it  was  in  *c**2 
high  a  condition  to  yield,  as  seasons  go,  so  full  an  amount  *>» 
produce  in  proportion  to  the  manure  aa  when  the  latter  was  \&*^ 
in  quantity,  it  is  obvious  that  the  difference  in  result  by  fefifiiSS* 
would   be   more   striking   after  the  superphosphate!  tunuf 
where  by  carting-off  the  exhaustion  was  greater,  and  by  f  ' 
the  manuring  was  not  too  high — than  where,  as  on  the 
manured  plot,  both  the  exhaustion  by  the  removal  <«f  the 
was  less,  and   the   manuring  by  feeding  was   mom  ex<_ 
Here  again,  it  may  be  remarked  in  passing,  the  figure*  teach 
how  sensitive  is  the  barley  crop  to  the  vicissitudes  of  mm&i 
how  liable  to  injury  under  them,  when  manured  beyond  •  ccfta**1 
somewhat  narrow  limit* 
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b  ns  now  for  a  moment  review  as  a  whole,  the  various  field 
iments  on  the  growth  of  barley.  It  has  been  found,  that  the 
Dt  of  produce  when  grown  after  a  succession  of  removed 
nured,  or  even  highly  mineral-manured  turnip  crops,  was 
elow  a  moderate  agricultural  yield.  It  was  seen,  that  by  the 
e  addition  of  nitrogenous  manure  to  land  in  this  condition, 
ions  crops  were  raised.  When  barley  was  grown  without 
re  year  after  year,  on  land  in  a  less  artificially  exhausted  con- 
l  than  that  where  ten  successive  turnip  crops  had  been  grown, 
reduce  was  considerably  greater  than  after  the  succession  of 
d  crops.  On  this  land  mineral  manures  somewhat  increased 
rroduce.  But,  as  on  the  turnip-exhausted  land,  nitrogenous 
res  did  so  much  more  strikingly.  In  both  fields,  indeed, 
mount  of  available  nitrogen  supplied  to  the  soil,  ruled  the 
nt  of  produce  very  much  more  strikingly,  than  did  the 
y  of  the  necessary  mineral  constituents  of  the  crop.  In 
ng  barley  in  rotation,  on  land  previously  brought  to  that 
arative  state  of  exhaustion,  in  which,  under  ordinary  cul- 
on  with  home  manuring  and  ordinary  cropping,  the  conclu- 
of  a  course  will  leave  it,  the  unmanured  produce  of  barley 
ghout  three  subsequent  courses  of  an  entirely  unmanured 


a  year  after  year  ;  and  it  was  still  further  in  excess  of  that 
aed  after  a  series  of  unmanured  turnip  crops, 
ire  then  is  a  striking  effect  upon  the  produce  of  lmrley  by 
iug  it  in  a  rotatiottr—even  unmanured — of  turnips,  barley, 
r,  wheat.  When  the  turnips  in  such  a  rotation  were 
u  by  superphosphate  of  lime,  and  by  it  larger  crops  of  the 


>han  after  the  unmanured  turnips.  Here,  too,  then,  the  pro- 
of barley  is  diminished  after  unusual  exhaustion  by  turnip 
ring.  But  either  the  consumption  of  the  superphosphated 
pe  on  the  land,  the  residue  of  a  mixed  mineral  and  nitro- 
is  manure  after  turnips  grown  by  it  had  been  carted  off,  or 
Jonsumption  of  these  turnips  on  the  land,  greatly  increased 
Subsequent  produce  of  barley  above  that  of  the  turnip  ex- 
^ed  rotation  land.  It  could  certainly  not  be  the  restoration 
Uneral  matters,  to  which,  in  these  cases  the  increased  pro- 
of barley  was  mainly  due  ;  for  the  increase  was  greater  by 
consumption  on  the  land  of  the  merely  superphosphated 
!»,  than  by  the  residue  of  far  richer  mineral  (and  organic) 
ire  where  the  turnips  grown  by  it  had  been  removed,  taking 
'  but  a  small  proportion  of  the  supplied  minerals  ;  and  it 
greater  still  where  these  highly  manured  turnips  were  fed 
he  land,  and  returned  to  it  a  considerable  amount  of  nitrogen, 
ddition  to  the  already  relative  excessive  amount  of  minerals. 


that  where  barley  was 


manure,  the  produce  of  barley  was 
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It  was  seen  too,  in  the  other  field*,  that  mineral  manure*  wi*r*J 

quite  unavailing  to  give  even  moderate  crops  of  Larky,  i 
there  were  availabf*'  nitrofjwi  mthin  thr  wit. 

It  may  fairly  be  concluded,  tliat  a  characteristic  effect  of  niter- 
nating  the  other  crops  with  the  Uuley,  has  lieun  to  leave  mor* 
available  nitrogen  from  some  source,  within  the  reach  of  the  r"1 
of  the  latter,  than  when  either  this  aame  crop  was  grown 
tiunously  in  succession,  or  when  a  number  of  sncceaam  tr 
crops  were  previously  removed  from  the  land.  Barley  then, 
wheat,  requires  characteristically  what  may  be  termed  u 
genous  condition  of  soil.  It  cannot,  however,  under  oidmny 
circumstances,  l>ear  such  large  amount**  of  nitrogen  supplitti 
wheat;  though  what  it  does  require,  from  the  habit  of  i 
plant,  and  its  usual  limited  period  of  growth,  should  be 
confined  to  the  upper  layers  of  soih  For  these  reasons,  Utfky 
may  often  be  taken  with  advantage  after  a  \>vrvU>m  uhitPUNp* 
by  a  spring-dressing  merely,  of  chiefly  uitrogenoug  manure,  In 
such  cases  the  direct  addition  of  mineral  manure*,  eqweuKy 
those  containing  phosphates,  will  have  a  more  striking  effect  thaii 
upon  the  winter-sown  whmt.  Tire  effect  of  such  mineral  mai 
is  not  only  to  increase  the  general  growth,  but  to  bring  the 
more  rapidly  to  maturity.  The  more  frequent  alternative  is, 
barley  is  taken  after  a  root-crop,  in  part,  or  entirely,  fed  on 


land.     The    appropriatenesfl         this  course  for  liarlev 
than  tor  wheat,  besides  the  advantage  arising  from  thr 
the  year  at  which  the  land  is  generally  clear  for  the  corn, 
mainly  on  the  fact,  that  the  manure  by  folding,  with  the  tnt*- 
sequent  light  working  of  the  land,  is  more  confined  to  the  *uj#r- 
ficial  layers  of  soil,  in  which  coTiijmnitively,  the  roots  of  the  barte? 
play  more  freely. 

A  disadvantage  of  growing  barley  after  the  folding  of  sbee^ff 
on  turnips  is,  that  with  high  farming  the  land  is?  apt  to  be  th*1* 
left  in  t^o  high  a  condition  for  the  crop  to  succeed  well  u\  H** 
average  of  season?!!:  whilst,  on  the  heavier  lands,  there  is 
qncutlv  much  injury  done  to  the  texture,  rendering  it  difficnli 
get  the  fine  tilth  so  essential  to  the  favourable  growth  of  barley, 

Of  direct  portable  manures  for  barley,  Peruvian  guano,  or 
of   ammonia,  or  nitrate  of  soda — either  Of   them  with  a 
quantity  of  superphosphate  of  lime — are  the  beat,     Rope-cake  „ 
also  a  good  manure  for  barley,  but  it  is  generally  too  high 
rvhttio  [ma-.    TJmim'  iininnri'H,  us         aw  pmrly  miiu'ru!  nam  tin 
are  most  advantageously  applied  before,  or  at  the  time  of  Kuril*  i^* 
so  as  to  be  somewhat  distributed  through  the  surface  w>il  h\  f 1  *£ 
mechanical  operations.     As  a  mere  top-dressing  nit  nit**  ef 
is  the  best.     Of   the  more  exclusively  nitrogenous  manure'-**" 
salts  of  ammonia  and  nitrate  of  soda^the  nitrate  act*  scout**1 
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e  rapidly  for  a  given  amount  of  nitrogen  supplied.  The 
on  of  the  purely  nitrogenous  manures,  is  economised  by  ad- 
ture  with  a  small  quantity  of  superphosphate  of  lime,  or  other 
ropriate  mineral  manure.  Other  things  being  equal,  the 
r  the  barley  is  sown,  the  less  should  be  the  proportion  of 
ogen  in  the  manure,  and  the  greater  that  of  mineral  constitu- 
i ;  otherwise  the  crop  is  liable  to  be  too  luxuriant ;  and  with 
mited  range  of  root  in  the  soil,  it  will  probably  not  find  mi- 
ll constituents  rapidly  enough  in  the  later  stages  of  growth,  for 
vourable  development  and  maturing  of  the  seed. 

»y  the  concurrent  testimony  of  field  experiments  of  very 
ous  kinds,  we  have  been  led  to  the  conclusion  that  full  crop 
barley  cannot  be  grown  unless  there  be,  by  some  means,  avail- 


tioe  it  is  frequently  convenient  to  increase  the  produce  of 
barley  crop  by  the  direct  application  of  portable  nitrogenous 
tUTes.  It  is  very  desirable,  therefore,  both  in  a  practical 
scientific  point  of  view,  to  have  some  means  of  judging 
*hat  is  the  probable  proportion  of  the  nitrogen  so  supplied  in 
Wire,  which  will,  on  the  average,  or  under  given  circum- 
teea,  be  recovered  in  the  immediate  or  successive  increase  of 
E>  obtained.  We  propose,  therefore,  to  adduce  such  evidence 
these  points  as,  by  the  aid  of  analysis,  we  are  enabled  to 
vide. 

*«fore  passing  to  this  concluding  division  of  the  subject,  how- 
*\  it  may  be  well  to  add  a  few  words  on  the  more  marked 
cts  of  direct  mineral  manures  on  the  barley  than  on  the  wheat 
f>«  That  such  should  be  found  to  be  the  case  is  seen  to  be 
fcte  consistent,  on  a  consideration  of  the  distinctive  habits  and 
fcl  circumstances  of  growth  in  our  rotations,  of  these  two, 
fertheless  much  allied  crops. 

*he  necessity  of  considering  the  various  habits  and  conforma- 
-  of  the  different  crops  of  our  rotations  in  relation  to  their 
'turces  of  growth,  was  prominently  insisted  upon  in  our  early 
erg  in  the  Journal  of  the  Royal  Agricultural  Society  ten  years 
The  important  bearing  of  such  considerations  in  modifying 
conclusions,  to  which  a  more  purely  chemical  view  of  the 
and  province  in  a  system  of  manuring  of  the  various  con- 
sents would  lead,  is  one  of  the  first  lessons  which  the  progress 
field  experiments  teaches.    Indeed,  in  the  early  years  of  our 
experiments,  so  desirable  did  it  seem,  to  verify  and  define 
more  obvious  conclusions  of  superficial  observation  on  some 
the  points  herein  involved,  that  tne  summer  of  1846  was  de- 
id  mainly  to'  the  examination  of  the  comparative  underground 
Ses  of  the  various  crops  of  our  rotations.    The  comparatively 


nitrogen  provided  within  the 


happens  that  in 
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irrcut  depth  iiui.1  exlem  Ui  which  several  uf   rhe  Legnnteoi  CW|* 
(especially   clover) — and   a\m   wheat   and  oata — penetrated,  *■* 
very  remarkable.    It  may  be  mentioned  in  passing,  that  of 
specimens  traced  out  in  the  experiments  then  made,  one  ctew^ 
plant  was  for  a  length  of  time  preserved  with  roots  nark 
feet  in  length,  the  successful  extrication  of  which,  through  ihei*" 
numerous  wendiugs,  was  the  result  of  the  tedious  lal*mr  of  romy 
days.     It  is  to  be  regretted  that  the  perfect  series  of  speeinm^ 
was  not  preserved  m  such,  or  at  least  pcrpetuaUri  by  drawing^ 
as  a  means  of  useful  illustration  for  other*. 

But  to  recur:  when  considering  the  results  of  held 
on  wheat,  we  have  directed  attention  to  the  fact^  that  the 
of  the  aiumnii^'HviL  trop  was  greatly  dependent,  upon  the 
irress  >ff  the  midrr-gruund  dt>\  elopim-ut  during  the  early  motU 
of  growth.    It  was  held  that  this  was  very  jum-h  floured,  ottes 
Llii        u.  ;i;L:    -  ^i-  ,  I ■     i    liU.T.i]   supply   of    ftvaihiblo  tiitn-ptn-.J 
within  the  soil,  and  that  thus,  the  range  of   otillectian  of  t)» 
fibrous  feeders  of   the  plant  was  bo  extended  as  to  ni  — 
ablet  when  needed  in  the  after  stages  of  growth  of  the  plant,  tfc 
mineral  constituents  of  a  much  larger  area  of  the  soil,  thm 
wise  would  I*  the  case.    Very  different  are  the  usual  com 
of  the  growth  of  barley.     Instead  of  winter-growth,  and  t 
pressed  soil,  tending  to  increased  depth  and  urea  of  Kttt  di* 
tion,  we  sow  our  barley  in  the  spring,  work  the  stapl 
and  keep  it  as  light  and  open  as  possible,     Under  these  circa** 
stances  of    shi »rt   time,  rapid   growth,  and  eomparai  Tnto*» 
depth  and  area  of  root  development,  ire  find  the  direct  stipjviy 
of  some  of  the  rarer,  hut  essential  mineral  constituents  of  itf^ 
soils,  much  more  efficient  with  the  but  !■    ■■  -p  than  with  whvM. 

Tlie  mechanical  conditions  of  soil,  and  the  season  of  growth  *** 
the  barley  crop,  are  in  many  respects  more  hke  those  recjtiiffi** 
by  the  turnip ;  and  they  are  calculated  to  favour  the  di*triunUO<t> 
of  a  large  amount  of  fibrous  root  near  the  surface,  rather  thm  ft»*J 
considerable  development  in  the  lower  layers.  In  our  paper 
turnip  Culture,'  •  it  was  shown   how  much   this  dknhiitM** 


of  surface  root-fibres  was  in  erased  by  the  use  of  supernho*ph»i* 
of  lime.  The  same  is  the  owe  with  barky,  It  is  obvious, 
with  this  multiplication  and  more  thickly  distributed  nrvwor* 
of  root- fibres,  the  greater  must  be  the  resources  of  the  rJitiifc< 
within  its  comparatively  limited  period  and  area  of  jrruwtt* 
Thus  it  is,  that  the  increased  supply  of  certain  important  mj^ 
stituents  witbiii  a  limited  area,  enables  the  plant  la  jffBti™ 
itself  more  freely  and  rapidly  with  others  it  may  reouLre- 
Whilst  on  this  point  it  will  not  l*e  out  of  place,  to  ifefed 
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ore  pertinent  illustrations,  to  quote  some  recent  experiments, 
rich  wheat  and  barley  were  respectively  grown  in  pots,  but 

very  different  object  from  that  in  reference  to  which  they  are 
dted.  In  these  experiments  the  distribution  of  the  roots  of 
ro  plants  was  so  strikingly  different,  that  when  disinterred 

sketches  of  them  were  made,  of  which  the  following  are 


conditions  under  which  these  plants  were  grown,  in  pots, 
cover,  and  both  during  the  summer  months,  were,  it  is  true, 

artificial.  Still  the  contrast  here  shown  is  pretty  cha- 
stic  of  the  plants  as  grown  in  our  fields.  These  outlines 
lerefore  serve  to  fix  the  mind  on  the  bearing  of  the  points 
tve  been  discussing.  It  may  perhaps  be  further  explained, 
rinlst  in  the  case  of  the  barley  plant  only  one  single  fibril 

its  way  through  the  bottom  of  the  pot,  the  wheat  threw 
ich  a  mass  of  ramifications  that  the  whole  of  the  surface  of 
ish  in  which  the  pot  rested  was  covered  with  a  thick  net- 
)f  roots ;  as  also  was  the  bottom,  and  to  a  great  extent  the 
of  the  inside  of  the  pot  itself. 

I  referring  to  the  action  and  province  of  mineral  manures 
1  to  our  crops  grown  on  cultivated  land,  it  has  been  shown 
mer  occasions  that,  in  a  soil  brought  to  what  may  be  termed 
lition  of  agricultural  exhaustion — that  is,  at  the  end  of  a 
in,  when  in  the  ordinary  course  of  things  it  would  receive 
e  of  some  kind — the  autumn-sown  wheat  was  not  increased 
aduce  by  the  direct  application  of  mineral  manures,  until 
ny  crops  had  been  taken  from  the  land  as  to  exhaust  it  of 
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mineral  constituents  more  than  would  happen  undei 
century  of  ordinary  rotation  and  home  manuring.  I 
ljeen  shown,  that  a  very  similar  soil,  certainly  not  mort 
in  an  agricultural  sense,  gave  an  increase  in  the  produce 
even  on  the  first  year's  application  of  mineral  manures, 
experiments  in  the  same  field,  as  well  as  those  in  ottn 
very  different,  yet  to  a  certain  extent  known  history 
exhaustion  or   fertility,  showed  however,  that  miners 
were  competent  to  yield,  under  these  conditions  of  i 
exhaustion,  but  a  small  amount  of  increase  when  com 
that  obtained  by  nitrogenous  manures.    The  evidenc 
led  to  the  conclusion,  that  the  mineral  manures,  if  at 
increase  in  an  extremely  limited  degree,  unless  there 
able  nitrogen  accumulated  by  some  means  mthin  the  soi 
that  the  increase  of  produce,  other  things  being  equal, 
in  projiortion  to  such  available  nitrogen  within  the  sc 
any  other  supplied  condition.     It  has,  however,  reo 
maintained  in  the  Journal  of  the  Royal  Agricultur 
that  our  characteristic  nitrogenous  manures  cannot  be 
active  in  proportion  to  the  nitrogen  they  contain. 


Society,  vol.  xvii.  p.  298  et  seq.)  that  ammonia  alom 
acid  alone,  has  never  been  used  in  agricultural  experin 
he  argues,  that  the  acids  in  combination  with  ammonia 
niacal  salts,  and  the  bases  in  combination  with  nitric  8 
nitrates,  will  have  had  their  share  in  the  results  obtained 
of  these  salts  ;  and  that  hence  the  value  of  such  mam 
depend  upon  the  amount  of  their  nitrogen,  but  must 
the  substances  so  combined  with  the  nitrogen. 

Before  going  on  to  Baron  Liebig's  further  illusti 
arguments  on  the  points  here  in  question,  it  may  be  m< 
reference  to  the  alx>ve  statements  of  fact,  that  we  hav( 
as  the  reader  is  aware,  used  ammonia  in  combination 
hemic  acid  only,  with  very  marked  effects.  The  late 
again,  has  given  the  account  of  his  experiments  in  w 
acid,  soda,  and  j>otash,  were  each  separately  used  u 
In  reference  to  these  experiments,  Mr.  Posey  saya— 
trials  the  nitric  acid  acted  decidedly.  The  alkalies,  neithi 
produced  even  a  trace  of  effect  on  the  colour  or  on  tin 
the  grass."  And  again — "  The  question  being  whether  i 
the  alkalies  or  the  acid  contained  the  active  principl 
found  u|)on  a  given  soil  the  alkalies  absolutely  inopen 
the  acid  has  acted  exactly  like  saltpetre  itself  and  like  ami 

It  cannot  for  a  moment  be  denied,  that  the  state  of  c 
of  the  nitrogen  in  our  nitrogenous  manures,  or  their  adm 
other  substances,  has  some  share  of  influence  on  the  i 


states 
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iFe  clearly  shown  that  they  have  an  influence,  fluctuating  ac- 
rciing  to  season,  exhaustion,  amount  employed,  and  other  cir- 
tzutanoes.  It  is,  however,  entirely  inadmissible  to  attempt  to 
any  conclusions  as  to  the  influence  of  the  state  of  combina- 
Q.  of  the  nitrogen,  or  of  the  effect  of  substances  supplied  with 
^Kom  the  comparison  of  the  results  of  experiments  in  which 
aqual  quantities  of  nitrogen  are  employed  to  a  given  area,  or 
ici  were  made  indiscriminately  in  the  same  or  in  different 
aonfl.  Every  one  at  all  conversant  with  field  experiments,  will 
r«  been  early  impressed  with  the  very  varying  proportional 
»ct  from  one  and  the  same  manure,  if  used  in  different  quantities 
t*lie  same  season,  in  even  equal  quantities  in  different  seasons, 
l~»  above  all,  in  unequal  quantities  in  different  seasons.  But 
con  Liebig  founds  his  arguments  upon  the  influence  of  the 
ying  chemical  combination  of  nitrogen,  and  upon  the  compara- 
^  effects  of  ammoniacal  salts  used  alone,  or  in  admixture  with 
constituents,  upon  experiments  with  nitrogen  in  these  dif- 
&x*t  states,  made  indiscriminately  with  different  quantities  of 
*~ogen  to  a  given  area,  and  in  different  seasons. 
Hl€  compares  together  on  this  point — the  increase  by  the  use  of 
-Cfcmmomac  alone,  for  one  year,  1848,  with  that  during  three  other 
tt^  (1844,  1845,  and  1846),  by  sal-ammoniac  and  phosphates 
plied  in  the  first  and  third  years  only,  and  with  that  during 
&  same  three  years  (1844,  1845,  and  1846)  by  guano  applied 
fly  in  the  first  (1844).  The  amounts  of  nitrogen  supplied  to  a 
area  were  also  widely  different.  They  were  respectively 
y  3  parts  when  the  sal-ammoniac  was  used  alone,  176  parts  when 
*  was  used  with  phosphates,  and  only  about  15  parts  when  the 
^ano  was  employed.  Nor  is  anything  said  of  the  influence  of 
varying  seasons  ;  to  which  his  authority,  Mr.  Kuhlmann,  calls 
particular  attention.  In  this  way,  the  increase  being  first  calcu- 
lated for  a  fixed  amount  of  nitrogen  in  manure  in  each  case, 
Baron  Liebig  arrives  at  the  following  varying  result  of  the  given 
amount  of  nitrogen  as  attributable  to  different  states  of  combina- 
tion, or  to  admixture  with  other  manurial  constituents  : — 


XITIiO<?EN  IN  MANURE. 

Yielded  increase  of 
Produce. 

100  parte  in  the  form  of  Sal-ammoniac   

"        „          „    Sal-ammoniac  with  phosphate ) 

wlixae  J 

»                   „  Guano   

2,439  parts  of  Hay. 
*,367  „ 
16,460 

r°  reader  of  the  Royal  Agricultural  Society's  Journal  will  re- 
a"16  tp  be  told,  that  the  results  of  about  70  parts  of  nitrogen 
&iven  area  in  the  form  of  sal-ammoniac  alone  in  one  year 
*  *48)— -of  about  176  parts  in  the  form  of    sal-ammoniac  with 
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eg,  what 

M  [Ml 
Ofefc  that 


phosphates  applied  partly  in  1844  and  partly  in  1816,  and  the  ii 
crease  of  produce  taken  over  three  years  (181  i,  US4A,  mi  ISM] 
— and  of  aoout  15  parts  of  nitrogen  in  the  form  of  guano  appUwi 
only  in  18-14,  and  the  increase  taken  over  I844t  1845,  and  1846 — 
are  utterly  incomparable  witn  one  another  on  the  point  here  fa 
question* 

It  should  he  mentioned  with  regard  to  the  inferior  ttsult  ftf  n 
given  amount  of  nitrogen  as  Bal-ammouiac  and  phosphates,  wha 

runifiaiv,]  witlj  Unit,  in  thi  form  of  guano,  that  Kulilni;   pi 

larly  stated  that  his  crop  by  the  former  was  in  the  first  jw  I, 
hay  and  aftermath)  so  over-luxuriant  from  excess  of  manure* 
it  was  necessarily  cut  before  the  proper  time  to  prevent  it*  rotting 
at  the  Itottom. 

With  regard  to  the  guauo  again,  Knhlmann  states  it  to  hit* 
(joTitaiiii.il  j-u-  cent,  of  nitrogen  ;  hut  I'roni  the  form  nf  ■ 

merit  it  does  not  seem  clear  whether  this  estimate  was  fonniW 
upon  the  analysis  of  the  particular  sample  employed.    A*  9  " 
described  as  Pmtmm  guano,  and  also  on  account  of  the  rank 
it  ia  probable  that  the  amount  of  nitrogen  supplied  in  the 
was  considerably  greater  than  that  assumed.    A  fu  r  throwing  »® 
this  denervation,  we  of  coarse,  take  the  results  m  ft( 
intended  hy  M.  Euhhmmn,  and  as  quoted  by  Baron  Ldebig, 
Knhlmann  "gives  two  ftzpgrimante*  aide  by  side,  with  the  \rn  &w 
guano.     The   oue  supplied,  according  to  his  estimate,  in 
numbers,  15  parts  of  nitrogen  to  a  given  area,  and  the  other 
parts  ;  but  it  is  the  result  of  the  s  matter  amount  only  (15  Mfe)» 
which  Baron  Liebig  cites  to  compare  with  the  170  part*  m  tk* 
sal-ammoniac   with   phosphates.    The  comparison  of  the  <Jfa£* 
of  a  given  amount  or  nitrogen  in  guano,  used  in  the  singlt  *J*^ 
in  thzdwbh  quantity  to  a  given  area,  is  as  follows  :— 


Nitrogen  In 


1  <  N  p  parte  in  the  form  of  Gnano.  when  300*  parte  of  * 

were  employed  ...      .,.  ...  . i 

100  parte  in  the  foiai  of  Guano ,  when  BOO  *  parte  of 

were  employed 


Here  then,  a  j^iven  amount  of  nitrogen  in  the  fun, 
nation  and  admixture  of  the  very  same  guano,  its  action 
taken  over  exactly  the   same  seasons,  gave   72   per  cent 
increase  when  used  in  the  smaller  than  in  the  lam  i 
Yet  it  is  the  action  of  the  smaller  quantity  applied  in  lie  ; 
and  acting  over  three,  which   Baron  Liebig  selects  to  eootl 


*  For  the  convenience  of 
aAftumed  the  guano  to 
an  friven  b j  Ki  " ' 
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;he  large  amount  of  nitrogen  Applied  in  different  seasons  in 
;her  manures,  attributing  the  difference  in  the  result  to  the 
of  the  associated  mineral  constituents. 

Br  adducing  (with  some  other)  experimental  evidence  of 
ind,  Baron  Liebig  says  : — 

the  use  of  the  phosphate  of  lime,  the  effect  of  the  ammonia  in  sal- 
iac  was  almost  doubled.  By  the  action  of  the  substances  which  in 
accompany  the  ammonia,  the  effect  of  the  latter  was  made  seven  times 
r  than  that  of  the  same  quantity  in  the  shape  of  sal-ammoniac  alone." 

also  adds  as  a  general  conclusion,  that — 

ice  the  effect  of  a  manure  is  not  proportional  to  the  quantity  of  nitrogen 
ains,  it  will  be  easily  understood  why  the  value  of  a  manure  cannot  be 
bed  by  its  percentage  of  nitrogen." 

grill  be  instructive  to  examine  a  little  further  Baron  Liebig's 
ing  upon  experimental  evidence.  Further  illustrating  the 
of  the  mineral  constituents,  he  says  : — 

hlmann  had  manured  a  portion  of  his  field  in  1844  with  a  mixture  of 
„  of  sal-ammoniac,  along  with  phosphate  of  lime,  and  had  obtained  an 
of  produce=12,172  lbs.  of  hay  per  hectare.  In  the  same  vear  the 
i  manured  with  500  lbs.  of  sulphate  of  ammonia  (without  phosphate 
e)  yielded  an  excess=3488  lbs.  of  hay.  The  former,  therefore,  yielded 
»  more  excess  of  produce  than  the  latter." 

•e,  be  it  observed,  Baron  Liebig  compares  the  effect  of  176 
af  nitrogen  tvith  phosphates,  with  that  of  101^  lbs.*  without 
xates,  to  illustrate  the  influence  of  these  phosphates.  He 

the  addition  of  phosphate  of  lime  to  the  ammoniacal  salt  the  effect 
latter  was  augmented :  there  were  obtained  in  all  8684  lbs.  of  hay 
ban  by  the  use  of  ammoniacal  salts  alone.  Now,  in  this  excess,  which 
1  to  2}  times  the  whole  excess  obtained  by  the  ammoniacal  salts  alone, 
ir ere  contained  2\  times  more  silica,  and  2}  times  more  potash,  than 
have  been  removed  from  the  soil  rvithovt  the  use  of  phosphate  of  lime 
rith  the  ammoniacal  salts  ;f  and  the  soil  was  rendered  necessarily  by 
h  the  poorer  in  these  constituents." 

is  then,  although  there  were  74^  lbs.  more  nitrogen  supplied 
the  phosphates.  Baron  Liebig  attributes  the  8684  lbs.  of 
se  to  the  addition  of  the  phosphates.    But  he  continues : — 

is  great  loss  of  indispensable  constituents  could  not  be  without  influence 
subsequent  crops.  The  field  which  in  1844  had  been  manured  with 
%.  of  sulphate  of  ammonia  had  no  manure  in  1845,  and  received,  in 
00  lbs.  of  the  same  ammoniacal  salt.  The  result  was  as  follows  : — 
me  quantity  of  phosphate  of  lime  and  sal-ammoniac,  which  in  1844 
elded  a  produce  higher  by  8684  lbs.  than  that  of  the  field  manured 
lulphate  of  ammonia  alone,  yielded  in  1846,  3592  lbs.  of  hay.  The 
anured  frith  sulphate  of  ammonia  alone  yielded,  in  1846,  8726  lbs.  of 
hat  is,  124  lbs.  (134)  more  than  the  other.    The  same  manures  which 

e  here  take  the  composition  as  given  by  Kn  hlmann  for  the  pure  salts,  as 
Liebig  has  done  the  same.   Kuhlmann  states,  however,  that  a  deduction 
tt  cent  should  be  made  for  water  and  impurity. 
ie  italics  are  our  own. 
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in  1MI  had  produced  an  enormous  increase,  and  to  which  the  unscientific 
and  ignorant  farmer  would  certainly,  on  account  of  thia  result,  haxe  attri- 
buted a  preponderating  value,  lost,  in  18-lii,  their  effect,  although  applied  in 
the  same  (quantity,  and  in  the  same  proportions,  to  the  same  soil :  and  they 
U.st  their  effect  in  the  subsequent  years,  in  thv  *amc  dtyrte*  as  they  had  it 
iirst  produced  a  favourable  result.  The  increased  produce  of  the  fint  jut 
determined  the  diminished  produce  in  the  second  and  third  years." 

Here  then,  the  deficiency  of  only  124  lbs.  (134)  of  hay  on  the 
>al-annnoniac  and  phosphate  plot  in  1840,  is  attributed  to  its 
larger  produce  by  8f>84  11)8.  in  1844.  Further,  this  large  increased 
produce  in  the  first  year,  is  said  to  determine  the  diminished 
prod u «-e  in  the  "second,"  as  well  as  in  the  third  year.  Baron 
Liebitr  d(KS  not  (inote  the  produce  of  the  second  year:  hut  on 
reference  to  Kuhlnmnn's  Pa])er,  it  is  found  that,  instead  of  » 
"diminished"  produce  in  the  "second"  year  on  the  plot  yielding 
the  ll)s.  more  increase  than    the  sulphate  of  ammonia  ifl 

is  II,  that  plot  gives  240  more  hay  than  the  latter  in  the 
"second"  year,  184;"),  when  both  were  un  manured.  Lastly, 
having  omitted  to  ijnote  the  result  of  the  second  year,  1845,  which 
was  contrary  to  that,  stated,  Baron  Liebig  speaks  of  the  exits 
of  Hi',xi  lbs.  of  hay  by  the  sal-ammoniac  and  phosphates  in  the 
lirM  year,  1814,  as  the  cause  of  the  defect  by  the  same  manure '>f 
only  \'2i  ll»s.  (l.°»l),  in  the  third  year.  He  treats  these  amount* 
as  e«|iial,  thus — "they  lost  their  effect  in  the  subsequent  yeaiv* 
////  Slime  ihiji  rr  as  they  had  at  first  produced  a  favourable  result-* 
(>r,  if  the  meaning  were,  that  the  sal-ammoniac  and  phosphaW 
should,  again,  in  lx4(>,  have  given  81)81  His.  more  increase  thin 
the  sulphate  of  ammonia,  and  that  in  this  sense,  the  loss  & 
ellect  was  equal  to  the  previous  gain,  this  argument  even,  is 
quite  inadmissable,  as  the  comparative  productive  character 
t  he  seasons  arc  not  taken  into  the  calculation. 

It  is  presumed  that  the  l>est  and  only  refutation  needed,  of  d* 
applirahility  of  such  evidence,  and  such  reasoning,  to  establish 
i  he  points  in  quest  ion,  is  to  put  them  clearly  before  the  reader. 

How  far  it  be  really  the  case,  that  the  inefficiency  of  the  uiiwfr 
\».-red  mi  poised  residue  of  nitrogen  after  the  application  of  auitn>* 
p-iiniis  manure,  is  due  to  the  excessive  exhaust iou  of  mineral  fl*" 
si;!u«  nis.  under  I  he  influence  of  the  |K>rtion  active  and  recoveral-" 
it  ivtpiiring  the  jieculiar  action  of  additional  salts  of  ammonia  &• 
>rt  mineral  constituents  free  and  available — may  perhaps  be  judp" 
of  by  the  results  recorded  in  the  foregoing  pages,  on  the gn^ 
■  barley  after  lo  veal's  of  turni]is  differently  manured.  DnjfflJ 
the  Liiowrh  of  the  In  turnip  crojw,  some  of  the  plots  had  recent 

cry  year  enormously  more  of  all  the  mineral  constituents  erf 
U  rl»y  crop,  except  silica,  than  the  turnips  removed.    The  Wt* 

Tin  italic*  la  ic  are  our  own  ;  tho*e  iu  the  earlier  part  of  the 
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loved  no  silica.  So  that,  besides  the  excess  of  other  mineral 
stituents,  there  was  an  accumulation  during  10  years  of  avail- 
3  silica.  Yet  with  all  this  unusual  accumulation  of  the 
easary  mineral  constituents,  the  residue  of  nitrogen  unre- 
ecred  in  the  increase  of  the  turnip  crops — amounting  as  it  did  in 
«  cases  to  more  than  the  largest  dressing  we  ever  applied  in 
year  to  a  corn  crop — gave  us,  where  there  was  the  largest 
nant  thus  unrecovered,  during  3  successive  years  of  barley,  an 
»ge  annual  increase  of  only  5|  bushels  of  corn,  and  between 
and  400  lbs.  of  straw,  per  acre.  On  the  other  hand,  the 
ifeion  of  fresh  nitrogen,  in  the  form  of  salts  of  ammonia  and 
a*e  of  soda  respectively,  gave  at  once  an  increase  of  33  and  35 
^«ls  of  corn,  and  2982  and  3384  lbs.  of  straw.    And  although 

addition  of  the  fresh  nitrogen  in  the  form  of  ammoniacal 
»  yielded  an  increase  of  33  bushels  of  corn  and  2982  lbs.  of 
w,  which  together  would  contain  only  about  half  the  nitrogen 
plied  in  the  manure,  yet  the  remaining  half,  notwithstanding 

Btill  enormous  excess  of  previously  supplied  mineral  consti- 
xta,  gave  in  the  succeeding  year  only  6|  bushels  increase  of  corn 

S00  lbs.  of  straw.  Are  we  then  to  conclude,  that  under  the  cir- 
*Btances  stated,  the  supposed  large  residue  of  nitrogen  supplied 
ttie  turnips,  was  inefficient  only  for  the  want  of  available  nii- 
? — and  that  the  striking  effects  of  the  newly  supplied  lesser 
OfUnts  of  nitrogen  were  chiefly  due  to  the  action  of  the  acids  of 
^ammoniacal  salts  and  of  the  soda  of  the  nitrate,  in  rendering 
|ilable  the  otherwise  locked  up  mineral  constituents  within  the 
1  ?  The  utter  inefficiency  of  even  a  liberal  direct  supply  of 
■^fcral  constituents,  to  recover,  in  the  second  crop  of  wheat  after 
Oogenous  manures,  more  than  an  insignificant  proportion  of 

*  supplied  nitrogen  not  recovered  in  the  first,  has  been  forcibly 
tastrated  in  a  former  paper. 

This  brings  us  to  a  consideration  of  the  experimentally  ascer- 
Utted  proportion  of  nitrogen  used  in  manure,  which  has  been 
sxttered  in  the  increase  of  crop  obtained.  Before  recording 
own  direct  evidence  on  the  point,  as  illustrated  in  the  exped- 
ite with  nitrogenous  manures  on  barley  which  form  the  chief 
*tyect  of  this  paper,  it  will  be  well  to  say  a  few  words  on  some 
*iaenoe  and  reasoning  recently  put  forth  on  the  subject  by 
ftflTB,  in  this  Journal. 

h  the  article  already  alluded  to  (Jour.  Roy.  Ag.  Soc.,  vol. 
Part  I.),  Baron  Liebig  adduces  evidence  and  arguments 
\  ihow,  that,  when  the  necessary  mineral  constituents  are  mixed 
?th  the  nitrogen  in  manure,  there  is  no  deficiency,  but  a  gain  of 
ifocgen  in  the  increase  of  crop.    Assuming  the  increase  of  hay 

*  Kuhlmann's  experiments  to  contain  1  per  cent,  of  nitrogen, 
^on  Liebig  states  that,  where  ammoniacal  salts  were  used  alom, 
^  was  an  apparent  loss  of  four-fifths  or  three-fourths  of  the 

F 
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uitnwn  employed.  He  then  i|imtc*s  an  instance  to  jirovv  :ha\ 
\\inTt'  mint-nil  constituents  wciv  also  added,  there  was  no  sr.cV, 
I  mi  a  ^rain  from  natural  sources, 
lielow.  we  uivc  the  instamv  < (tinted  by  Baron  Licbijr  a.*  <liw:^ 
a  //'////,  I » v  the  side  of  two  other  of  Knhlmann's  ex]«t'riiiit,iiK 
which  ho  does  not  quote  on  this  point :    but  in  1  k it li  «»f  wlikh 

iiiin'i'll  rt>i)stitiii-nts  O'Vi'v  fit  si)  f/tl/tltif/fff. 


LichigM  example  of  l.">  parts  of  Nitrogen  with  j  j 
Phosphates,  in  Guano,  applied  in  one  year,  and  I 
actinir  over  three  years  ) 

:io  parts  of  Nitrogen  with  Phosphates  in  the  form  j  • 
of  Guano,  applied  in  one  year,  and  acting  over  *  , 
three  years   .    .  )  , 

Sal-ammoniac  containing  170  parti*  of  Nitrogen  j 
with  Phosphates,  applied  in  the  first  and  third  > 
years,  and  acting  over  the  three  years  .    .    .    .  \ 
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'Flic  result   is  then,  tliat  the  only  instance  where  there  :> 
apparent,  train  was,  where  the  ]inictieally  s]ieukiii£  utterly  imi1-'- 
niticanr  amount  of   nitroiren  in  the  form  of  iruano,  was  nsul  1,1 

•  •in-  \«  ar.  and  the  increase  taken  over  that  and  the  two  «mcmiiiuf 
year-.  Where  Kuhhnami  used  only  twice  the  amount  «»f  A** 
wry  same  Lrnann,  there  was  according  tn  Hamn  Liehiir's  «*n 
method  of  calculation,  a  loss  <>f  more  than  4.  instead  of  a  fH 
«.f  (',|  jur  cent,  of  the  nitrogen  employed.  Lastly,  where  sal- 
ammoniac  was  used,  in  amount  containing  frnni  11  tn  12  tiui# 
a-  much  nitrogen  as  the  small  quantity  of  iruano,  hut  "/*""''? 
//■////  //  , i ntnininij  jifmx/iftfrfrs,  there  was  on  the  same  nvw  ^ 
calculation,  an  apjiiireut  loss  of  .">(>•;>  jx'r  rent.,  or  more  than  Mf 
oi    tin-  nitrogen   employed.     According  to   Damn  Liehitr's  "*n 

•  iata  then,  and  his  own  mode  of  calculation,  the  fanner,  t«»  attain 
ih«-  happy  lv-ult  of  no  lo>s  i»f  the  nitrogen  of  his  manure.  uinS 
employ  it.  in  ijuantity  which  is  utterly  insignificant  in  any  l«nH" 
I  icai  ]»oiuL  of  view. 

It  will  he  xrn  that  in  the  forcirm'iu:  comments,  we  have  net  ai 
all  a:  tempted  on  our  own  behalf,  to  discuss  what  is  the 
bearing  of  the  evidence  which  Kuhhnann's  ex]KTiments  sn|'P\T- 
Nor  have  we  time  or  space  to  consider  further  the  facts  of  ouV*5 
on  the-  j m^eni  occasion.  It  seemed  desirable,  however.  M'** 
n-cnrditiir  our  own  data  and  ('(inclusions,  to  direct  attention  i*1 
tin-  applicability  of  the  facts  selected,  and  the  ren&oniiur  n|Bin 
them,  in  reference  to  the  jm  tints  now  in  question,  which  ha** 
recently  l>een  submitted  to  the  readers  of  the  Journal  on  *1K'" 
lii l: h  authority  as  that  of  Haron  Liebip.    Still  less  can  wo  ^'P 
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ere  to  do  more  than  reiterate  in  a  single  sentence  our  assent  to 
le  palpable  truism,  that  if  the  mineral  constituents  of  our  crops 
b  deficient  they  must  be  supplied.  We  have  on  other  occasions 
»  say  nothing  of  the  present  paper),  so  fully  illustrated  the 
aportanee  of  keeping  up  a  liberal  provision  in  the  soil  of  the 
rineral  constituents  of  our  crops — and  also  so  frequently  shown 
ie  usual  circumstances  of  their  removal  or  return,  and  the  re- 
uiremente  for  their  direct  supply,  under  an  ordinary  course  of 
•ractical  agriculture  with  rotation  as  it  is — that  we  leave  to  the 
ndgment  of  the  reader,  the  prvading  insinuation  in  the  paper 
bove  referred  to,  that  in  our  views  the  essentialness  of  the  supply 
>f  the  mineral  constituents  is  ignored. 

The  experiments  quoted  by  Baron  Liebig  to  show  the  propor- 
tion of  nitrogen  recovered  in  the  increase  of  crop  to  that  supplied 
n  manure,  were  made  upon  hay.  We  hope  to  record  our  results 
•elating  to  that  crop  in  an  early  paper.  It  will  then  be  seen, 
m>w  far  facts  relating  to  grass,  when  cut  green,  are  applicable  as 
*be  foundation  of  conclusions  regarding  a  ripened  cereal  grain. 
^n  the  present  occasion  we  have  only  to  show  the  proportion  of 
uttogen  recovered  to  that  supplied  in  manure,  in  the  exped- 
ite on  the  growth  of  barley. 

.Were  we  to  have  attempted  the  direct  determination  of  the 
nitrogen  in  every  separate  stock  of  the  different  nitrogenous 
2J*&ure8  used  during  the  six  years  of  the  experiments  in  Hoos- 
™d>  and  also  in  the  corn  and  straw  produced  each  year  on 
^  of  the  20  plots  (making  as  would  be  necessary,  duplicate 
^yses  in  each  case),  this  would  have  involved  from  500  to 
WO  such  determinations;  a  labour  which  we  could  not  undertake. 
^  it  is,  the  number  of  nitrogen  analyses  recorded  in  the  folio  w- 
^  Tables  amount  to  more  than  100. 

The  percentages  of  nitrogen  in  pure  sulphate  and  muriate  of 
■JBtoonia,  and  in  nitrate  of  soda,  are  of  course  well  known.  As 
^ese  substances  occur  in  commerce,  however,  a  certain  average 
"wwance  has  to  be  made  for  moisture  and  impurities.  In 
*iinating  the  amounts  of  nitrogen  supplied  to  the  soil  by  their 
^  we  have  made  a  deduction  from  the  amounts  they  contain  in 
a  state  of  purity,  founded  not  on  the  analysis  of  each  sample 
dually  employed,  but  on  the  experience  of  ourselves  and  others 
18  to  the  average  composition  of  the  commercial  salts.  The 
B**st  amount  of  deduction  thus  made  has  been  stated  at  page  36, 
^  it  is  more  probably  too  high  than  too  low.  On  this  supposi- 
^  the  amounts  of  nitrogen  we  have  supplied  in  manure  will  be 
^^what  greater  than  has  been  assumed ;  and  in  this  case,  the 
^bera  we  arrive  at  to  represent  the  proportion  of  the  supplied 
^togen,  which  is  recovered  in  the  immediate  increase,  will  l)e 
*  a  corresponding  degree  somewhat  too  high.  The  other 
^toogenons  manure  employed,  namely,  rape-cake,  will,  according 

¥  'I 


68       O/i  thf  Growth  of  Baring  by  different  Mmwm^  4*. 


to  the  estimate  already  given  at  pp.  36-7.  most  prolmbhr  avcm** 
below  5  per  cent,  of  nitrogen.     In  the  Table  XVI 1 1.  m  imlt 


given  both  on  the  assumption  of  the  above  amount  as  » 
and  of  41  per  cent,  as  a  minimum ;   rather  aborts  the  tm 
between  the  two,  would  probably  be  very  near  the  trutk.  Km) 
]>e  stated,  however,  that  with  the  smaller  percentage  of  . 
the  rape-cake,  the  WW  lbs.  of  the  manure  employed  Hi 
would  supply  the  same  amount  of  nitrogen  as  the  40o  It*,  of  bo 
niacal  salts,  and  the  ai>n  11  is,  of  nitrate  of  soda,  used  by  its  side. 

In  making  the  selection  of  the  specimens  of  the  prmiut*  to  1* 
analysed,  the  question  arose — whether  the  results  would  btar * 
more  general  application  if   that  of  certain  clmm 
dividual  manures  were  taken  ? — or  whether,  omitting  plot 
minor  distinction,  it  would  be  better  to  endeavour  to 
mean  composition  of  the  produce  of  wMe  smm  of 
each  of  the  six  years  separately  over  which  the  experiment*  1 
continued?     After  consideration  of  the  advantages  mi  t 
vantages  of  either  partial  course,  the  latter  was  adopted, 
samples  prepared  for  analysis  were  therefore  as  follows  : — 

1st,  For  each  of  the  six  years  separately,  a  mixture  of 
weights  of  the  corn  (and  also  the  same  of  the  straws),  from  I 
of  the  plots  without  nitrogenous  manure*  These  snip 
the  unman ured  plot,  and  those  with  respectively,  the 
Alkalies,1'  the  sujierphosphate  of  lime,  ana  the  mixed  alkali© 
and  superphosphate  of  lime  together.  The  composition  rf  the* 
mixed  samples,  $twn  without  mtroymom  mam  -  laJteo 
represent  that  of  the  produce  yielded  by  the  unaided  Hfl 
season  resources  of  nitrogen  in  the  several  years. 

2nd,    For  each  year,  a  mixture  of  the  produce  (corn  ttrf 
separately),  of  each  of  the  four  plots  where  200  lbs,  of  ommoi 
salts  were  employed  per  acre.     That  is,  where  this  oumuflt  I 
ammoniacal  salt  was  employed  alone,  or  in  addition  to 
the  three  mineral  manure  conditions  above  retf 
3rd,    For  each  year,  a  mixture  (corn  and 
each  of  the  four  plots,  with  the  otherwise 
mineral  manure  conditions,  where  4 uti  lbs, 
salts  per  acre  were  used. 

4th*    For  each  year,  a  mixture  (of  com  and  straw  wepstttifr 
from  I  he  produce  where,  in  addition  to  the  f*mr  ftltore-raentKfl1^ 
standard  conditions  without  nitrogen,  2*000  lt».  prr  acre 
i:ake  were  employed. 

nth.    An  equal  mixture,  for  the  five  years  together  (cum 
straw  separately),  of  the  produce  during  five  coiiseciiftJfi<  J*** 
by  27 i*  lbs.  of  nitrate  of  soda  per  acre  per  annum. 

Gth.    An  equal  mixture,  also  for  the  live  years  together  t» 
and  straw  separately),  from  the 
ft50  lbs.  per  acre  ] 


where  double  the 
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IThese  nitrogen  determinations,  which,  counting  the  duplicates, 
<de  on  each  specimen,  amount  to  more  than  100,  were  all 
iducted  in  the  Rothamsted  laboratory,  by  Mr.  John  Masters; 
«pting  that  here  and  there  repetitions  have  been  made  by 
.  rugh,  or  Mr.  F.  A.  Manning,  for  the  purpose  of  confirmation, 
may  be  added,  that  the  process  adopted  was  that  by  burning 
ti  soda  lime,  and  estimating  by  the  so-called  "  titrir "  or 
ixmetric  method. 

the  moment  we  are  writing,  the  whole  of  the  analyses 
xsh  our  plan  should  include  are  not  completed,  and  we  fear 
t  the  Tables  will  even  eventually  show  some  blanks.  Not- 
kxstanding  these,  we  shall  still  have  the  means  of  illustrating 
Lcientally,  by  a  very  extensive  series  of  comparative  results,  the 
ixence  of  season  and  manuring  on  the  percentage  of  nitrogen 

tihe  barley  crop.  And,  so  far  as  the  more  special  object  of 
"Oiry  is  concerned — namely,  that  of  the  relation  of  the  nitrogen 

the  increase  of  produce  to  that  in  the  manure  employed — we 
H  be  enabled  to  provide  for  six  consecutive  seasons,  and  for 
of  them  for  several  different  characteristic  conditions  of 
0.uring,  the  important  data  of — 

1st.  "file  amount  of  nitrogen  per  acre  in  the  corn,  the  straw, 
1  the  total  produce. 

fcnd.  The  increase  in  the  amount  of  nitrogen  yielded  per  acre 
corn,  in  straw,  and  in  total  produce),  by  the  use  of  given 
*X>genouB  manures. 

Bra.  The  proportions  respectively,  of  the  nitrogen  recovered,  and 
£  recovered,  in  the  increase,  to  a  given  amount  (100  parts) 
Pplied  in  manure. 

The  percentage  and  acreage  results  are  given  in  Tables  XVI., 
V*IL,  and  XVIII,  respectively,  as  follows  : — 
In  Table  XVI.  the  mean  percentages  of  dry  matter,  and  the 
trial  determinations  of  nitrogen  (and  their  mean)  in  the  dry 
fctter,  of  both  the  corn  and  straw,  of  the  different  mixed  samples 
Scribed  above.  By  the  side  of  these  points  of  composition,  are 
^en  some  particulars  of  the  quantity  and  quality  of  the  produce 
^lysed,  for  the  study  of  the  connection  between  them. 
In  Table  XVII.  similar  particulars  are  given  ;  excepting  that 
8*6  the  percentages  of  nitrogen  are  calculated  upon  the  corn 
ad  straw  in  their  natural  state  of  hydration.  The  percentages 
>f  nitrogen  in  this  Table  are  therefore  applicable  to  the  produce 
»  harvested. 

Table  XVIII.  gives,  besides  the  acreage  amounts  of  the 
Ptoctace  itself,  the  acreage  amounts  of  nitrogen  in  the  actual 
Ftoduce ;  the  amounts  in  the  actual  increase  ;  and  finally,  the  pro- 

Ertions  respectively,  recovered,  and  not  recovered,  in  the  increase, 
r  every  100  parts  supplied  in  manure. 
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Table  XVI.— Showing  the  Mean  Percentages  of  Dbt  Mattes. 
Actual  and  Mean  of  Determinations  of  Nitrogen  in  the  Dry  \ 
in  Barley  Corn,  and  Straw,  grown  in  different  Seasons,  and  by 
Manures,  together  with  some  particulars  of  the  Quantity  and  Q 

the.  Produce  analysed. 


I 


Pa bt ice lars  or  Pnonrcre. 


1  T.n;il 


IV  r 

Per 

Cent. 

Cent. 

0»ni 

Dressed 

in 

Com 

T..tat 

in 

Pro- 

Total 

illHV. 

Com. 

Weipht 

per 
Bui-ht-l 

of 
DrcHtCtl 
Corn. 


COXPOAITIOX  OF  COKX. 


Per 
Cent. 
Dry 
Matur. 


Per  Cent.  Nitrogen 
in  Dry*. 


Expert-  Experi- 
ment 1.  ment  % 


Coxrownoy  or 


Per 
Cent. 
Dry 
Matter. 


Per  Cent 
In 


Expert- 1  Kt 
ment  1.  me 


ssuiEs  1.— Without  Nitrogen  in  Manure  (Means  of  Unuianured,  and  Plots  4,  ft. 


1M.VJ  j 

3531 

101 

915 

52*3 

78-62 

1-66 

1-65 

1*65 

84-32 

0*43 

0 

1*53  ' 

3754 

107 

91-4 

51*8 

79*97 

1*53 

1*62 

1-57 

88-33 

0*53 

0 

1*51  , 

465 

955 

53'7 

81-56 

1-42 

1-41 

1-41 

8224 

0*37 

0 

3950 

5U'l 

956 

527 

81-45 

1-47 

1-47 

1-47 

83*39 

u-» 

■  (■ 

1057 

477 

89'0 

47-9 

81-S7 

1-74 

1-72 

1-73 

8403 

0*52 

0 

1*57  | 

30  19 

51*8 

95-M 

52-8 

83-08 

1-57 

1-57 

1-57 

82*03 

fi*47 

0 

3570 

4*1 

93-1 

51-9 

81-09 

1-57 

84-05 

m:hik-  2.— With  Aininoniacal  Salt*,  giving  per  Acre-  about  41  lb*.  Nitrogen  (Mei 
Plots  8,  9. 10,  and  11). 


|k-»2 

4fio;» 

43-« 

88-5 

5i»-9 

79-32 

1-78 

1-81 

1-79 

84-44 

0-47 

C 

is:,3 

5129 

4i'9 

88  •» 

526 

79-74 

1-70 

1-75 

1-72 

87*91 

0-49 

U 

435 

9f5 

54-0 

81-59 

1-48 

1*48 

1*48 

82*17 

0*44 

d 

5097 

44-9 

937 

61-8 

8»»-48 

1-74 

1-69 

171 

8338 

0*51 

o 

ii 

300  i 

41"0 

89'6 

47'8 

81-29 

1-72 

1-71 

1*71 

84-17 

048 

V 

5329 

50*7 

90*7 

53-3 

83M  4 

1-83 

1-79 

1-81 

83*35 

0*55 

0 

.M.-.-ui 

5311 

44-H 

91'8 

517 

80-91 

171 

8424 

Skiuk< 

3.— With  Aininoniacal  Salts,  plving  i>er  Acn*  about  82 

lbs.  Nitrogen  (Met 

Plots  13.  15, 16.  and  17). 

1-52 

5501 

446 

88'1 

49-9 

8ij-12 

2-00 

•1*98 

*1*99 

84-31 

Ot57 

«U 

1S53 

502' I 

435 

88*9 

61-4 

79-83 

202 

•1-96 

•1-99 

86*87 

0*69 

*0 

1-51 

SI  27 

-11-7 

91'G 

526 

8202 

1-8-1 

•1-84 

•1*84 

82-01 

0-61 

M 

1^55 

607* 

39-4 

92-U 

49-H 

80-14 

2-07 

2*08 

2*07 

82-75 

0*71 

0 

1*56 

fli'tiM 

35-6 

85-8 

46-8 

82-29 

1-99 

2*00 

1*99 

83-90 

0*63 

0 

1*57 

05  24 

49-1 

95-6 

52-8 

8293 

2*18 

2- 10 

2- 14 

83-90 

0*65 

0 

Moan 

02  53 

42-3 

90-5 

50-6 

81-22 

1 

t2*00 

83*96 

Skiiies  4.- 

-With  Ranc-Cake.  Riving  per  Acre  82-100  lb*.  Nitrogen  (Moans  ol 

Plots  14 

,  18,  19,  and  20). 

1*52 

4702 

43-;> 

91-9 

51*5 

80*46 

*l-82 

•1*76 

•1-79 

84-68 

•0*46 

1K53 

519i» 

13-2 

86-4 

51-2 

79-26 

•1-84 

•1-79 

•1*81 

87M 

*0-44 

•c 

1851 

M.vi 

41-3 

93-4 

52-7 

82*08 

n-75 

•177 

•1*76 

82-88 

•fl-45 

•c 

1  k:>5 

0*23 

40-2 

92'fi 

50-1 

81-73 

2-09 

2*08 

2u8 

83*96 

0*68 

(1 

1h5G 

fi"39 

304 

9»»*1 

40*6 

82-56 

1-94 

1*94 

1*94 

84*49 

0*63 

i 

1*57 

7101 

4S-9 

95*5 

53-8 

82*84 

1-92 

1*91 

1-91 

8379 

0*47 

c 

M.-an 

6177 

423 

91-6 

520 

81-49 

tl'88 

84*55 

With  Nltrato  of  sjoda.  giving  per  Acre  about  41  lbs.  Nitrogen  (Hot  7). 

1*53-7 

5220 

452 

927 

51*9 

81*63 

1-70 

1*70 

170 

8447 

0*46 

0 

With  N 

tratc  of  Soda,  giving  per  Acre  about  82  lbs.  Nitrogen  (Plot  19). 

1*53-7 

f>19* 

43-0 

91*9 

60*9 

81-71 

2*01 

2*00 

9*00 

84*87 

0-64 

< 

*  The*e  figures  refer  to  analyses  made  since  the  Paper  went  to  Press  for  the  Joari 
t  The<c  vuans  arc  necessarily  *TO«vfaw;TY\*  o*l  \Vve  ftgures  In  the  Journal,  or  am 
case  mav  Ih\  in  consequence  ol  Uic  »u\»\tem*«x\AT*j  w^t»T-&*OTA\»1*atta  r " 
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Fable  XVII.— Showing  the  Mean  Percentages  of  Dry  Matter,  and  the 
Percentage  of  Nitrogen,  in  Barley  Corn,  and  Straw,  grown  in  different 
Seasons  and  by  different  Manures ;  Calculated  on  their  Condition  of 
Dryness  as  Harvested  ;  together  with  some  particulars  of  the  Quantity 
and  Quality  of  the  Produce  analysed. 


Patsticuulm  or  m  Pboduck. 

Composition  ot  Cobw. 

Cosrposinosr  ot  Straw. 

SAM. 

Total 
Corn 
and 

Straw 

P«* 
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lbs. 

Per 
Cent. 
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In 
Total 

Pro- 
duce. 
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Dressed 
Com 

In 
Total 
Cora. 

Weight 

per 
Bushel 

Per 
Cent. 

Per  Cent.  Nitrogen 
In  Fresh. 
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Cent. 

Per  Cent.  Nitrogen 
in  Fresh. 

of 
Dressed 
Cora. 

MaRer. 

Experi- 
ment 1. 

Experi- 
ment 2. 

Mean. 

Dry 
Hatter. 

Experi- 
ment 1. 

Experi- 
ment 2. 

Mean. 

8ERIES 1.— Without  Nitrogen  in  Manure  (Moans  of  Unmanured,  and  Plots  4,  5,  and  6). 


isst 

3534 

46*1 

91-5 

52-3 

78*62 

1-30 

1-30 

1-30 

84*32 

0*36 

0*39 

0*37 

1863 

3754 

46-7 

914 

51*8 

7997 

1*22 

1-30 

1-26 

88*33 

0*47 

0*45 

0*46 

18*4 

4640 

46*5 

95*5 

53*7 

81*56 

1-16 

1-15 

115 

82*24 

0*30 

0*30 

0*30 

18M 

3850 

50*1 

95-6 

52.7 

81-45 

1-20 

1-20 

1*20 

83*39 

0*32 

0*33 

0-32 

IBM 

1957 

47-7 

89«0 

47*9 

81*87 

1*42 

1-41 

1-41 

84*00 

0-44 

0*45 

0*44 

1867 

5619 

61-8 

95*8 

52'8 

83-08 

1-30 

1-30 

1*30 

82*03 

0*38 

0*40 

0-39 

fjean 

3576 

48*1 

931 

51-9 

81*09 

1*27 

84*05 

0*38 

Series  2.— With  Ammoniaoal  Salts,  giving  per  Acre  about  41  lbs.  Nitrogen  (Means  of 
Plots  8,  9. 10,  and  11). 


1852 

4999 

43*8 

88*5 

50*9 

7932 

1*41 

1*44 

1-42 

84-44 

0-40 

040 

0*40 

1853 

5129 

44*9 

88*0 

52*6 

79-74 

1-36 

1*39 

1-37 

87-91 

0*43 

0*45 

0-44 

1854 

7200 

43*5 

94*5 

54*0 

81*59 

1*21 

1*21 

1-21 

82*17 

0-36 

0-33 

0*34 

1856 

5697 

44*9 

93*7 

51-8 

80*48 

1-40 

1-36 

1-38 

83*38 

0*42 

043 

0*42 

1856 

3694 

41-0 

89*6 

47*6 

81*29 

1-40 

1-39 

1-39 

84*17 

0*40 

0*41 

0*40 

1557 

5329 

507 

96*7 

53*3 

83-04 

1-52 

1-49 

1-50 

83*35 

0*46 
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Series  3.— -With  Ammoniacal  Salts,  giving  per  Acre  about  82  lbs.  Nitrogen  (Means  of 
Plots  13, 15, 16,  and  17). 
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8BBIES  4.— With  Rape-Cake,  giving  per  Acre  82-100  lbs.  Nitrogen  (Means  of 
Plots  of  14,  18, 19,  and  20). 
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Tabu:  XVIIT.— Showing,  in  Lbs.,  the  Fresh  Produce  per  Acre,  the  NiTROGSspo 
At-RK  iii  Produce,  the  N itrogex  ]>er  Acre  in  Increase  by  Nitrogenous  MaSTO 
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From  the  extent  to  which  our  paper  has  already  reached,  as 
well  as  from  the  incompleteness  of  our  Tables  at  the  moment 
we  are  obliged  to  conclude  for  the  press,  we  must  forego  the 
adequate  consideration  of  the  mass  of  important  data  they  will 
provide,  and  content  ourselves  with  giving  some  direction  to  the 
more  careful  study  of  the  reader. 

A  few  words  should  first  be  said,  on  the  influence  of  season 
and  manuring,  upon  the  percentage  of  nitrogen  in  the  produce  of 
barley.  And  whilst  on  this  point,  we  may  refer  the  reader  to  a 
rather  fuller,  though  still  only  summary,  treatment  of  the  effects 
of  these  agencies  on  the  nitrogenous  percentage  of  wheat,  given 
in  the  *  Quarterly  Journal  of  the  Chemical  Society,'  vol.  x.,  part  L, 
April  1857.  In  the  main,  their  direction  and  tendency  are  very 
similar  with  the  two  crops,  though  differing  incidentally  on 
certain  points. 

Eeferring  to  the  influence  of  varying  season,  we  find  both  the 


show  a  tendency  to  relatively  low  percentage  of  nitrogen,  the 
higher  the  characters  of  the  produce  as  indicated  by  general  coin- 
cidence of  high  proportion  and  weight  per  bushel  of  corn,  with 
comparatively  full  amount  of  crop  per  acre.  It  will  be  remem- 
bered that  1854,  1855,  and  1857,  were  the  best  corn-yielding 
years,  whilst  1856  was  the  worst.  Accordingly,  1854  and  1855, 
show  the  lowest  percentage  of  nitrogen  in  the  corn,  and  also  in 
the  straw ;  1856,  on  the  other  hand,  gives  the  highest  percentage 
in  the  corn,  and  about  the  highest  in  straw.  On  the  average  of 
the  few  seasons  before  us  then,  so  far  as  the  crops  grown  without 
nitrogenous  manure  are  concerned — that  is,  those  which  ripened 
best — the  tendency  was  to  give  the  lower  percentage  of  nitrogen, 
the  higher  the  character  of  the  crop,  and  vice  versd.  The  same 
was  the  case  with  wheat.  But  as  with  it,  so  with  barley,  the 
rule  is  not  without  exception,  but  would  seem  only  to  apply  on 
the  average,  as  our  seasons  go.  The  most  striking  exception  in 
the  Table  before  us  is  1857 ;  when,  with  an  unusually  favourable 
season  for  yield  and  maturation  of  corn,  we  had,  compared  with 
the  other  good  years,  a  somewhat  high  percentage  of  nitrogen  in 
both  corn  and  straw. 

Turning  to  the  produce  grown  by  nitrogenous  manures,  and 
again  comparing  season  with  season,  the  rule  just  indicated  does 
not  seem  to  be  so  clearly  borne  out.  When,  however,  it  is  con- 
sidered that  the  influence  of  the  nitrogenous  manures,  even  when 
used  in  the  smaller  of  our  adopted  quantities,  was  to  produce 
over-luxuriance,  and  to  depreciate  the  proportion  and  quality  of 
the  grain — that  is,  to  be  unfavourable  to  the  most  perfect  matura- 
tion— it  will  be  seen,  that  an  apparent  exception  under  these 
circumstances,  is  rather  a  confirmation  of  the  assumption  that 


grain  and  straw,  when  grown 


manure,  to 
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high  maturation  and  low  percentage  of  nitrogen  are  generally, 
with  the  average  of  our  seasons,  coincident. 

In  further  illustration  of  the  adverse  influence  of  too  high  manur- 
ing on  the  pro]>ortion  and  quality  of  the  corn,  and  of  the  fact  that 
the  tendency  of  depreciation  in  the  latter  is  to  give  a  higher  percent- 
age of  nitrogen,  we  may  refer  to  the  mean  lines  in  Tables  XVI. or 
A  VII.  It  will  there  l>e  seen  that,  on  the  average  of  the  six  years, 
all  the  enumerated  characters  of  quality  of  produce,  were  lower 
where  even  the  smaller  quantity  of  ammoniacal  salts  was  used, 
than  where  none  at  all  were  employed  :  and  they  were  lower  still 
with  the  larger  amounts  of  them.  And  again,  where  the  ta\* 
cake  was  used  the  average  qualities  were  intermediate  between 
those  hv  the  larger  and  the  smaller  amounts  of  ammoniacal  salts. 
The  mean  percentages  of  nitrogen,  so  far  as  the  Tables  provide 
them,  are,  on  the  view  which  has  been  assumed,  entirely  con- 
sist cut  with  these  indications.  Thus,  in  both  corn  and  straff, 
tin-  mean  percentage  of  nitrogen  was  lowest  where  no  nitrogenous 
manure  was  emploved — that  is,  where  the  average  characters  of 
quality  of  the  produce  were  the  highest.  It  was  higher  with  the 
small  amount  of  ammoniacal  salts,  and  higher  still  with  the  larger 
amount  :  and  with  the  rape-cake  it  was  intermediate  iK-tweon  the 
two.  The  same  is  borne  out  on  comparing  the  characters  and 
composition  of   the  produce   by  the  smaller,  with  those  by  the 


nitrate,  we  have,  taking  an  average  of  the  five  seasons,  the  hijrh^ 
proportion  of  corn,  the  larger  proportion  of  dressed  corn  in  toi*J 
eom,  and    the   higher  weight  jier  bushel  of   dressed  com,  an*** 
wich  tlie>e    higher  qualities  of  produce,  the  lower  percentage  °* 
nit  rogen  in  both  eorn  and  straw.  ^  . 

That  we  should  get  the  higher  qualities  of  crop  indicated  wit' 
the  lowest  amounts  of  produce  per  acre,  is  perfectly  consisted 
with  the  practically  admitted  fact,  that  the  sample,  particularly  ^ 
barley,  is,  on  the  average,  the  better  the  smaller  the  amount  *~ 
crop.  This  smaller  amount  of  crop,  is  coincident  with  the  t~* 
\w'\w  deficiency  of  available  nitrogen  within  the  soil.  AndLwi*1 
this  higher  quality  of  sample  obtained  with  a  low  relative  provisi^" 
of  nitrogen  in  the  soil,  we  have  a  tendency  to  low  percentage  * 
nit  rogen  in  the  most  valuable  descriptions  of  the  grain.  But  quoli^ 
cannot  in  practice  lx>  taught  at  so  great  a  sacrifice  of  qmnti^ 
And  ir  is  seen  that,  when  we  increase  the  quantity  of  crop  by  i-^ 
<-rea<ing  the  relative  amount  of  available  nitrogen  in  the  soil,  it 
generally  depreciated  in  the  admitted  characters  of  quality:  a*~ 
at  the  same  time  the  percentage  of  nitrogen  is  increased.  Faith. ^ 
the  tendency  to  diminished  quality  and  increased  percentage  * 
nitrogen  on  the  one  hand,  with  increased  amount  of  crop  on  * 
other,  would  appear  to  be  the  greater,  the  more  excessive  tl 


smaller  amount 
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supply  of  nitrogen  beyond  that  which  in  the  average  of  seasons 
can  yield  a  well  conditioned  and  healthily  ripened  crop.  Barley 
indeed,  from  its  comparatively  limited  hold  on  the  soil,  and  its 
small  and  weakly  straw  in  proportion  to  the  weight  of  corn  it  has 
to  carry,  is,  so  far  as  favourable  ripening  and  good  sample  are 
concerned,  more  sensitive  to  vicissitudes  of  season  and  to  high 
manuring  than  wheat.  And  it  is  with  the  greater  variation  in 
degree  of  maturation  in  the  former  than  in  the  latter,  in  one  and 
the  same  season  with  different  proportions  of  available  nitrogen 
provided  within  the  soil,  that  we  have  at  the  same  time,  a  greater 
variation  in  the  percentage  of  nitrogen  in  the  produce  depending  on 
the  manure  employed. 

Upon  the  whole  it  may  be  considered  that,  the  percentages  of 
nitrogen  in  our  produce  of  barley  grown  without  nitrogenous 
manure,  were,  for  the  soil  and  seasons  in  question,  lower  than 
they  would  be  in  the  ordinary  practice  of  farming,  owing  to  a 
constant  relative  defect  of  nitrogenous  supply  for  that  amount  of 
crop,  which  the  soil  and  seasons  were  otherwise  competent  to 
bring  to  a  practically  sufficient  degree  of  perfection.  On  the 
other  hand,  the  figures  in  the  Tables,  taken  together  with  the 
circumstances  of  growth  and  the  characters  of  the  produce  to 
which  they  refer,  would  lead  to  the  belief  that,  on  the  average  of 
seasons,  the  percentage  of  nitrogen  can  be  but  little  increased 
beyond  the  perhaps  abnormally  low  amount  obtained  where  the 
nitrogenous  supply  was  obviously  in  defect,  without  at  the  same 
time  a  diminution  in  the  practically  admitted  characters  of  high 
quality  of  the  com.  In  fact,  it  would  appear  probable,  that  we 
cannot,  keeping  within  the  limit  of  healthily  matured  full  crops, 
increase  the  percentage  of  nitrogen  in  our  barley  grain  much 
above  a  comparatively  low  amount,  as  our  seasons  go.  Yet,  the 
fact  that  in  1857,  which  was  an  unusually  favourable  season  for 
the  proportion  and  the  ripening  of  the  corn,  we  had  a  high  per- 
centage of  nitrogen  in  the  dry  substance  of  that  com,  supplies  us 
for  barley  (as  was  found  in  the  case  of  wheat*),  with  an  interest- 
ing exception  to  any  too  wide  an  application  of  that  which  may 
nevertheless  be  taken  as  a  general  tendency,  at  least  within  the 
limits  of  our  own  locality  and  average  climatic  conditions. 

It  is  owing  to  the  great  influence  of  vicissitudes  of  season  upon 
the  condition  of  the  crop  when  harvested,  that  the  percentages  of 
dry  matter  in  the  produce,  and  especially  of  the  straw,  of  our 
experimentally  grown  barley,  have  not  the  obvious  connection 
with  the  other  points  of  composition  of  the  crop,  that  we  should 
otherwise  have  expected.  Adequately  to  discuss  these  variations 
in  the  percentage  of  dry  matter,  due  to  season  and  manuring, 


*  See  Quarterly  Journal  of  the  Chemical  Society,  before  referred  to. 
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would  require  i  ho  record  and  coincident  study  of  the  jfemntntjto 
of  >/*//,  in  that  dry  matter — of  which  unfortunately  our  series  of 
determinations  are  at  present  too  incomplete. 

We  pass  <hi,  therefore,  after  these  few  observations  on  the 
ettVeis  of  ><  as(»ii  and  manuring  upon  the  percent/lye  of  nitrojren 
in  th«-  hurley  crop,  to  the  application  of  the  analytical  results  to 
determine  the  proportion  of  nitrogen  recovered  in  the  increase uf 
ei-np.  h>r  a  iriven  amount  supplied  in  manure.  Table  XVIII. 
suppl us  with  our  data  on  this  point. 

A  preliminary  point  of  interest  in  this  Table  is,  the  informa- 
tion ;i  ail'ords  of  the  amount  of  nitrogen  annually  taken  from 
tli"  land  in  i he  produce,  where  none  was  supplied  in  manure. 
The  hiuhev!  amount  of  nitrogen  thus  stored  up  from  the  unaided 
soil  and  season  resources  was  in  185i,  namely,  It*.  ]<*r 
aeiv  :  the  lowest,  amount  was  17^1l>s.  in  185G  :  and  the  average 
annual  yield,  (akiug  the  mean  of  the  0  years,  was  about  28£  11*. 
It  may  he  mentioned,  that  this  latter  amount,  is  more  than  that 
annually  deposited  in  rain  and  other  aqueous  depositions,  iu  the 
forms  of  ammonia  and  nitric  acid.  Investigation,  of  which  there 
is  ;n  the  present  time  much  going  on  in  reference  to  this  subject, 
has  still  to  determine  the  source  or  sources  of  this  annual  exce* 
of  assimilated  nitrogen,  l>eyond  that  supplied  in  the  combined  form 
in  the  measured  and  analysed  aqueous  depositions.  Whether  it  he 
due  to  exhaustion  of  previously  accumulated  nitrogen  in  the  soil- 
to  diivet  eondensation  by  the  latter  of  the  nitrogenous  compounds 
oeetirrinir  in  rhe  atmosphere — to  the  formation  of  ammonia  or 
nit rie  aeid  within  the  soil  at  the  moment  of  the  evolution  hj 
ehemieal  ehanges  of  certain  elements  in  the  nascent  state — to  the 
accumulation  of  combined  nitrogen  from  the  atmosphere  by  the 
plan:  its,-lf — or  to  its  assimilation  of  the  free  nitrogen  of  the 
atmosphere — whether,  or  in  what  proportion,  these  several  possible 
souives  may  take  pari  in  the  result,  is  as  yet  a  great  problem 
open  for  solution  r 

For  rhe  convenience  of  round  numbers,  and  to  Ihj  sure  of 
making  full  allowance  for  impurity  in  the  manures  employed, *e 
have,  as  already  stated  more  than  once,  assumed  that  the  2(H)  lbs. 
of  ammoniaeal  salts  ]>er  acre  (loo  lbs.  each  sulphate  and  muriaw)* 
and  the  *J7">  lhs.  nitrate  of  soda,  respectively  supplied  41  ll** 
nitrogen,  equal  r>n  lbs.  of  ammonia,  per  acre.  The  double  amount* 
namely,  t  he  Inn  lbs.  of  mixed  ammoniaeal  salts,  and  the  550  lbs- 
nitrate  of  soda,  of  course  each  supplied,  on  the  same  ratad*^ 
lhs.  of  nitrogen  per  acre,  equal  100  lbs.  of  ammonia.  The 
I'nou  lhs.  of  rape-cake,  on  the  lowest  estimate,  would  suppl 
x-2  lhs.  also,  but  more  probably  nearer  100  lbs.  nitrogen  per  10* 
1  akin-,  as  we  have  done,  low  rather  than  high  estimates  of 
n kronen  supplied  in  the  various  manures,  it  is  obvious  that  fcM 
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lount  represented  in  the  Tables  as  unrecovered  in  the  increase 
crop,  will  be  under  rather  than  over  stated. 

It  has  been  seen,  that  the  average  annual  produce  of  nitrogen 
the  barley  crop  was,  without  nitrogenous  manure,  from  17^  to 
\  lbs.  per  acre  per  annum,  giving  an  average  of  about  28£  lbs. 
ic  Table  further  shows  that,  when  at  least  41  lbs.  of  nitrogen 
>re  annually  added  per  acre,  in  the  forms  respectively  of  ammo- 
acal  salts  and  nitrate  of  soda,  we  obtained  an  average  annual 
crease  of  nitrogen  in  the  crop  of  about  16£  lbs.  when  the  ammo- 
acal  salts  were  used,  and  about  15^  lbs.  when  the  nitrate  of 
ia  was  used.  Again,  when  double  the  amount,  or  at  least  82 
i.  of  nitrogen  per  acre,  per  annum,  were  added,  we  recovered 
len  it  was  given  in  the  form  of  ammoniacal  salts  about  33|  lbs., 
id  when  as  nitrate  of  soda,  about  33^  lbs.,  in  the  increase  of  crop, 
istly,  by  from  82  to  100  lbs.  of  nitrogen  annually  supplied  in 
e  form  of  rape-cake,  we  got  back,  taking  the  average  of  the 
st  three  years  only,  not  quite  36  lbs.  in  increase.* 
If,  instead  of  stating  the  actual  acreage  amounts  as  above,  we 
present  the  proportion  of  nitrogen,  recovered  or  unrecovered  in 
ie  increase,  for  100  parts  supplied  in  manure,  the  result  is  as 
Hows.  Where  about  41  lbs.  of  nitrogen  were  added  per  acre, 
sr  annum,  in  the  form  of  ammoniacal  salts,  we  get  back  in  the 
crease,  on  the  average  of  six  years,  39|  per  cent,  of  the  amount 
ipplied ;  there  are  unrecovered  therefore,  about  60^  per  cent,  of 
ie  so  supplied  nitrogen.  When  about  the  same  amount  of 
itrogen  was  supplied  in  the  form  of  nitrate  of  soda,  the  average 
f  five  years  shows  37£  per  cent,  recovered,  and  62J  per  cent. 
>t  recovered,  in  the  increase.  Tt  wdll  be  remembered,  that  it  was 
i  these  instances,  where  there  is  seen  to  be  an  average  of  60  per 
ait.,  or  rather  more,  of  the  supplied  nitrogen  unrecovered  in  the 
icrease,  that  we  had  a  far  better  yield  of  increased  produce  of  corn 
id  straw  for  a  given  amount  of  nitrogen  supplied  in  the  manures, 
lan  where  the  larger  amounts  of  the  latter  were  employed.  It 
i  worthy  of  remark,  that,  notwithstanding  the  far  higher  propor- 

*  By  the  aid  of  the  analyses  of  the  produce  of  the  first  three  years  by  rape- 
ike,  which  were  made  since  this  Paper  was  printed  off  for  the  Journal,  we 
tt,  taking  the  whole  six  years,  an  annual  average  of  only  27|  lbs.  nitrogen 
i  increase ;  instead  of  nearly  36  lbs.,  taking  the  last  three  years  only.  It 
wild  appear  probable  that,  although  there  was  more  nitrogen  annually 
ipplied  in  the  rape-cake,  than  in  tno  large  amount  of  ammoniacal  salts, 
bare  was  less  of  it  freed  from  existing  combinations,  and  available,  in  the 
arly  years,  and  hence  a  greater  accumulation  for  the  later.  The  rape- 
ake  series,  gave  less  average  total  produce  (corn  and  straw),  than  the 
jnmoniaoal  salts,  in  the  earlier  years  ;  but  gradually  increased  in  effect  in 
iroportion  to  them,  until  in  the  last  year,  it  gave  nearly  as  much  excess  over 
hem,  as  in  the  first  it  had  shown  relative  deficiency  Thus,  of  average  total  pro- 
luce  (corn  and  straw  together),  the  rape-cake  series  gave — in  the  first  year 
169  lbs.  less  ;  in  the  second,  450  lbs.  less  ;  in  the  third,  23  lbs.  nure  ;  in  the 
onrtii,  145  lbs.  more ;  in  the  fifth,  SI  lbs.  more  ;  and  in  the  sixth,  637  lbs. 
more,  than  the  double  amount  of  ammoniacal  salts. 


7*        On-  the  Growth  of  Barley  by  different  Manures,  <kc. 


tion  of  increase  of  corn  and  straw,  for  a  given  amount  of  nitrogen 
in  the.se  manures,  where  the  smaller  quantity  of  it  was  employed, 
we  have,  where  the  larger  amount  was  used,  also  the  larger  pro- 
l>urtion  recovered  in  the  increase.    Thus,  instead  of  39*8  per  cent, 
recovered,  and  G0'2  per  cent,  unrecovered,  as  with  the  smaller 
amounts  of  nitrogen  in  the  manure,  we  have  with  the  82  lbs.  of 
nitrogen  per  acre  in  ammoniacal  salts,  rather  more,  or  41  per 
cent,  recovered.    Again,  the  larger  amount  of  nitrogen  given  as 
a  it  rah  <>f  soila%  taking  the  average  of  five  years,  afforded  40*6  per 
cent,  recovered  in  increase,  by  the  side  of  only  87*2  per  cent 
when  half  the  amount  of  the  nitrate  was  employed.     On  the 
other   hand,  taking  the  rape* cake   to  have  supplied    only  its 
minimum  amount  of  nitrogen — that  is,  the  same  as  the  larger 
hum mnis  of  ammoniacal  salts  and  nitrate  of  soda — it  will  even 
then  have  returned  the  least  proportion  of  any,  namely,  38*7 
per  cent.     Assuming,  however,  that  the  2000  lbs.  of  rape-cate 
supplied  its  maximum  amount,  or  100  lbs.  of  nitrogen  per  acre* 
then  the  return  would  be  only  27'6  per  cent,  of  the  supplied 
nitrogen.    The  probability  is,  that  the  average  amount  supplied 
was  very  nearly  the  mean  between  the  two  ;  and,  in  that  cas^' 
the  < in- ra ijv  proportion  of  nitrogen  returned  in  increase,  for  th^** 
supplied  in  rape-cake,  will  still  be  considerably  lower  than  tha^' 
obtained  when  either  the  ammoniacal  salts  or  the  nitrate  of  so^ 
were  employed.* 

The  fact  is,  that  ( excluding  the  rape-cake),  the  average  percent*^ 
age  of  the  supplied  nitrogen,  which  was  recovered  in  the  increase*- 
was  rather  greater  where  the  excessive  amounts  of  nitrogen  we^^ 
supplied  in  manure,  which  gave  over -luxuriant  and  damaged  crop^^ 
and  a  less  amount  of  increased  produce  for  nitrogen  supplieC^ 
This  result,  of  the  larger  proportion  of  supplied  nitrogen 
covered,  where  the  amounts  in  manure  were  excessive,  is  obxS^ 
ously,  due  to  the  much  higher  percentaye.  of  nitrogen  in  th-* 
produce,  under  these  circumstances.  It  has  been  seen,  that  a^- 
mcreased  percentage  of  nitrogen  by  the  use  of  it  in  manure  is,  ^ 
beyond  a  comparatively  narrow  limit,  most  probably  accom^ 
panied  with  a  depreciation  in  those  qualities  which  in  practice 
give  high  rate  of  value  to  the  corn.  This  applies  more  partici^^ 
iarly  where  the  demand  is  chiefly  for  malting  purposes.  Upo'  ^ 
the  whole  then,  the  slightly  larger  proportional  return  of  nitrogen 
in  increase  for  nitrogen  supplied  in  manure,  where  the  larg^^ 
;i mounts  of  the  ammoniacal  salts  and  nitrate  were  employed, 
but  a  very  questionable  advantage.   

The  general  result  is  seen  to  be  that,  in  the  experiments  = 
question,  when  the  nitrogen  supplied  in  manure  was  the  less  &  — 

*  In  the  first  two  years  of  the  large  supply  of  nitrogen  in  rape-cake,  th^^9 
\\-<-n  sorirorly  1  y<>r  cent,  recovered  in  the  immediate  increase.  In  conneii—  ^ 
with  tin's  point,  see  note  at  the  foot  of  the  preceding  page. 
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j,  scarcely  40  per  cent,  of  it  was  recovered  in  the  increased 
36  of  corn  and  straw  obtained,  taking  the  average  of  several 
sive  years.  In  some  of  the  individual  years  there  were  less 
50  per  cent,  of  the  supplied  nitrogen  recovered,  and  in  others 
;  is,  where  the  tendency  to  corn  was  the  highest — there  were 
>,  or  even  over  50  per  cent,  recovered. 

thus  speaking  of  the  proportion  of  the  supplied  nitrogen 
sred  in  the  immediate  increase  of  the  barley  crop,  our  form 
tement  must  be  understood  as  only  representing  the  practical 
,  as  measured  by  the  difference  between  the  amount  of 
en  in  the  produce  with  nitrogenous  manures,  and  in  that 
it  them.  It  must  be  admitted,  that  we  have  not  the  means  of 
ng,  whether  or  not  the  crop  grown  by  nitrogenous  manure, 
similated  the  same  amount  of  nitrogen  from  other  sources, 
t  grown  without  it.  We  cannot  say,  therefore,  whether  the 
as  to  render  an  account  of  more  or  less  of  nitrogen,  than  that 
ted  by  the  column  of  the  amounts  unreoovered  in  the 
ae  of  crop.  The  proportion  unrecovered  in  the  immediate 
se  is,  however,  obviously  very  large.  It  may  be  supposed 
his  at  first  unreoovered  amount,  is  still  available  to  after-crops  ? 
ay  as  alternatives  assume — that  a  portion  is  locked  up  in  the 
l  a  practically  unavailable  form  ? — that  it  passes  into  states 
nbination  in  which  it  can  be  drained  away,  or  evaporated, 
the  soil  ? — or  lastly,  that  in  some  form  or  other  it  is  got  rid 

the  functional  processes  of  the  growing  crop  ?  The  actual 
ative  amounts  of  these  several  influences,  science  is  not  yet 
>  determine. 

is  obvious  that,  at  any  rate  some  of  the  apparent  loss  to 
liate  increase,  of  the  supplied  nitrogen,  will  be  due  to  the 
al  distribution  of  the  manure,  in  relation  to  the  underground 
s  of  the  plant.  If  this  were  all,  however,  the  unrecovered 
;en  in  a  first  crop,  should  be  sooner  or  later  available  to  those 
.  follow.  But  one  thing  is  certain  ;  that,  even  taking  together 
lcrease  in  several  immediately  succeeding  after  years,  the 
'tion  then  recovered,  of  the  previously  unrecovered  nitrogen, 
ry  much  less  than  the  proportion  of  the  whole  supplied, 

is  recovered  in  the  year  or  years  of  its  application.  This 
n  the  case  when  the  provision  of  the  necessary  mineral  con- 
tits  is  very  liberal.   Indeed,  a  much  less  amount  of  nitrogen 

supplied  in  the  form  of  salts  of  ammonia  or  nitrate  of 
alone,  will  give  a  greater  increase  of  produce  than  the 

amount  of  supposed  residual  nitrogen,  with  direct  mineral 
res  in  addition.  It  cannot  well  be  supposed,  therefore, 
ihe  amount  of  the  supplied  nitrogen  unrecovered,  is  simply 
o  its  greater  distribution,  or  to  the  exhaustion  of  mineral  cou- 
nts, and  that  it  still  remains,  and  so  far  as  state  of  combination 
cerned,  is  available. 


80       On  the  Growth  of  Barley  by  different  Manures,  Ac. 

As  a  fact  in  practical  agriculture,  it  mnrt  "be  concluded,  that  the 
nitrogen  supplied  in  manure  for  foil  crops'  of  grain,  is  not  reco- 
vered in  the  increase  within  any  moderate  period  of  time.  We 
hope  ou  an  early  occasion,  to  add  to  the  •  statistical  results  in  this 
and  in  former  Papers  on  other  crops,  those  relating  to  the  propor- 
tion of  nitrogen  recovered  in  increase,  to  that  supplied  in  manure, 
for  i/rass.  But  even  with  all  the  evidence  which  the  facts  of  the 
field  will  be  able  to  provide,  the  problem  will  still  remain— of 
the  exact  explanations  to  be  given  by  science,  of  the  loss  which 
is  experienced  by  practice. 
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Part  I. — Produce  of  Hay  per  Acre. 

IE  extent  of  land  in  this  country  in  Permanent  Grass,  and 
&  importance  of  the  crop,  both  as  regards  its  yield  of  food  for 
imals,  and  its  relations,  under  existing  circumstances,  to  the 
Dps  under  tillage,  establish  for  it  a  high  claim  to  investigation, 
th  a  view  to  increased  productiveness.  In  several  of  its 
pects — and  in  some  involving  its  most  intricate  relations — the 
bject  has  received  the  attention  of  investigators  at  once  com- 
tent  and  laborious.  The  pages  of  the  '  Journal  of  the  Royal 
agricultural  Society  of  England '  sufficiently  bear  out  this  state- 
ant.  Among  them  are  to  be  found  valuable  records  of  practical 
servation,  and  experience,  as  to  the  distribution,  the  adapta- 
>n,  and  the  comparative  utility,  of  the  most  important  plants 
mposing  this  heterogeneous  crop,  according  to  character  of 
il,  climate,  and  other  circumstances.*  We  have  elaborate 
animations  by  Professor  Way,  into  the  composition  of  the 
veral  plants,  each  grown  under  circumstances  favourable  to  its 
>velopment,  and  all  taken  as  far  as  possible  at  an  equal  stage 
growth.f  And  in  Number  xli.  of  the  Journal  will  be  found 
iree  Papers,  each  of  distinctive  value,  bearing  upon  the  practical 
anagement  and  manuring  of  the  Grass  crop. 
As  the  title  of  the  present  Paper  will  indicate,  its  scope  and 
bjects  are  sufficiently  distinct  from  those  of  the  inquiries  above 
Uuded  to.  And,  whilst  the  plan  of  the  investigation  which  has 
een  undertaken,  and  the  character  of  the  data  which  it  has 
(Forded,  will  necessarily  lead  to  a  somewhat  special  treatment  of 
le  subject,  we  shall  endeavour,  as  far  as  circumstances  will 
*rmit,  to  pay  due  regard  to  what  appears  to  have  been  esta- 
ushed  hitherto. 

-An  inquiry  into  the  comparative  effects  of  different  manuring 


*  Prize  Report,'  by  Mr.  John  Bravender,  Jour.  Roy.  Ag.  Soc,  vol  6. : 
^^pers  by  Professor  Buckman,  Jour.  Roy.  Ag.  Soc,  vol.  xv.  p.  462 ;  vol. 
{>-  162;  and  vol.  xvii.  p.  513. 

^our,  Roy.  Ag.  Soc.,  vol.  xi.  p.  530,  and  vol.  xiv.  p.  171. 


Report  of  Experiment*  ivith  different  Muwres 


substances  upon  permanent  grass,  has,  however,  otter  | 
interest  than  such  as  relate  mere! y  to  determining  the  1 
of  increasing  the  gross  amount  of  its  produce.  There  is  perhapi 
no  crop  more  influenced  in  its  chit  variety  as  well  as  its  quantity 
by  the  attention  bestowed  upon  it.  Our  Grass-crop  compri^, 
as  is  well  known,  not  only  a  great  number  of  genera  and  species 
belonging  to  the  Graminaceous  family— the  Natural  Gr 
commonly  so  called — but  also  various  members  of  other  f 
of  plants,  among  which,  by  far  the  most  important  is  the  lu- 
minous. It  so  happens,  then,  that  in  our  Meadows  and  Pastures 
there  are  associated,  members  of  those  two  families  of  plant*  I'm 
afford  us  the  crops  which  are  not  only  the  most  important-  arnontf 


those  which  enter  into  our  rotations,  but  which,  as  there 
separately,  and  in  alternation  with  one  another,  exhib 
characteristically  different  degrees  of  dependence  upon  t lit 


artificial  supply  of  some  of  their  constituents  ;  and  coincident! J 
with  this,  show  very  distinctive  relationships  to  one  another  ifl 
the  course  of  cropping. 

Thus,  Wheat,  Barley,  and  Oats,  are  of  the  Gtammacsom  family* 
and  have,  therefore,  so  far,  their  points  of  close  relationship  Ww 
the  so-called  LL  Natural  Grasses."    Beans,  Peas,  and  the  cttta* 
vated  Clovers,  Lucerne,  &c„  of  our  rotations,  are,  on  the  otkr 
hand,  of  the  Leguminous  family  ;  and  hence  their  relationship  to 
the  clovers,  and  allied  plants,  of  our  Meadows  and  Pastures,  It 
is  true,  that  the  circumstances  of  growth,  and  the  treatment,  of 
plants  composing  the  mixed  herbage  of  our  Pastures  and  .Meadows 
are  widely  different  from  those  of  the  allied  plants — especially  of 
the  seeding  ones — in  our  arable  fields*    In  the  one  case,  too,  lh* 
plants  are  chiefly  perennial,  and  in  the  oilier  chiefly  annual.  'l 
might  well  be  expected,  therefore,  that,  notwithstanding  tbeir 
natural  alliances,  crops  which  differ  so  widely  both,  in 
comparatively  incidental  conditions  of  growth,  and  in 
intrinsic  qualities,  should,  at  the  same  time,  manifest  somevl 
different  manurial  requirements.    In  so  far,  however,  as 
influence  of  the  different  conditions,  does  not  outweigh  that 
to  the  natural  grounds  of  alliance  or  distinction  among  our  a 
cultural  plants,  the  effects  of  special  manures,  on  the  devel^f^ 
merit  of  the  different  plants  in  our  Meadows  and  Pastures,  sho^* 
afford  interesting  points  of  coincidence  with  those  observed  * 
regard  to  the  allied  crops  grown  in  our  fixations. 

In  fact,  among  the  most  interesting  of  the  pointi 
brought  out  by  the  experiments  which  form  the  subject 
sent  Report,  is  the  striking  confirmation  which  the  re»ui 
of  the  (so  to  speak)  special  adaptation,  in  a  coarse  of  p 
tical  agriculture,  of 


ts  incideutiJ1- 
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wth  of  certain  of  the  crops  of  our  rotations,  accordingly  as 
y  belong  to  the  one  or  to  the  other  of  the  two  great  families  of 
nte  above  referred  to.  That  is  to  say,  the  comparative  action 
iifferent  descriptions  of  manure,  upon  the  development  of  the 
erent  plants  of  the  mixed  herbage  of  our  Meadow,  was  found 
bccord  with,  and  further  to  illustrate,  points  independently  esta- 
ihed  regarding  the  man u rial  requirements,  and  the  mutual  relar 
is,  of  the  plants  of  our  rotations  to  which  they  are  botanically 
ed.  At  the  same  time,  independently  of  the  difference  in 
er  conditions  of  growth  and  management,  the  permanent  and 
alternating  crops  generally  differ  from  each  other  so  widely, 
h  in  regard  to  the  amount  of  certain  constituents  which  they 
pectively  remove  from  the  land,  and  to  the  proportion  of  these 
ch  will  probably  be  in  due  course  returned  in  the  home 
lures,  that  the  character  of  the  supplementary  manures 
aired  by  even  much  allied  crops,  must  obviously  be  some- 
it  different  in  the  two  cases. 


\>  turn  to  the  experiments  themselves :  The  plan  adopted  was, 
ipply  a  number  of  different  combinations  of  manuring  sub- 
ices,  each,  year  after  year,  to  the  same  plot  of  land.  And  in 
er  to  provide  proper  standards  of  comparison,  two  plots  were 
continuously  unmanured,  and  another  portion  was  annually 
nured  with  farm-yard  manure. 

Fhe  land  selected  comprised  about  6  acres  of  the  Park  at 
t^hamsted,  and  it  had  been  under  permanent  grass  for  certainly 
re  than  a  century ;  indeed,  for  as  long  a  period  as  is  included  in 
r  record  that  can  be  found  relating  to  it.  The  general  mode  of 
itment  for  many  years  prior  to  1 851 ,  was  to  manure  occasionally 
h  farm-yard  dung,  road  scrapings,  and  the  like ;  and  sometimes 
h  Guano,  or  other  purchased  manure.  One  crop  of  Hay  was 
loved  annually,  amounting  in  weight  to  from  1  \  to  2  tons  per 
9 ;  and  the  second  crop  was  always  eaten  off  by  sheep.  In  the 
ing  of  1851,  and  again  in  that  of  1852, 4  separate  acres  of  the 
tted  area  were  appropriated  to  the  consumption  by  sheep  of  as 
ny  lots  of  differently  manured  turnips ;  1 0  tons  of  the  roots  being 
an  upon  each  acre.  Neither  the  4  acres  so  appropriated,  nor 
remaining  2,  were  manured  in  any  other  way  in  those  two 
*ms  (1851  and  1852);  nor  were  they  manured  at  all  in  the 
se  succeeding  ones  prior  to  the  commencement  of  these  ex- 
iments  in  1856.  It  should  be  mentioned  too,  that  the  con- 
iption  on  the  land  of  the  different  turnips  did  not  in  any  case 
^ease  the  produce  over  the  5  years,  1851-5  inclusive,  by  more 
Q  about  2  cwts.  per  acre  annually.  The  land  is  a  some- 
Mi  heavy  loam,  with  a  red  clay  subsoil  resting  upon  chalk ; 
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and  although  it  is  not  artificially,  it  is  very  well  naturally 
drained.  The  area  selected  was  perfectly  level.  Lastly  no 
fresh  seed  of  any  kind  has  been  sown  either  within  the  period 
of  the  experiments,  or  for  many  years  before  it. 

Early  in  1856,  9  plots,  of  half  an  acre  each,  were  measured  off 
for  as  many  different  combinations  of  so-called  artificial  manuring 
substance  a ;  2  of  a  quarter  of  an  acre  each,  to  be  continuously 
unmamired  ;  and  2,  also  of  a  quarter  of  an  acre  each,  to  be  ma~ 
n  u  red  an  n  u  al  ly  wi  t  h  farm-y  ard  dung.  In  1 8 5  8 ,  4  add  i  t  ion  al  plotSy 
of  one-sixth  of  an  acre  each,  were  appropriated  to  trials  with 
nitrate  of  aoda  ;  the  land  so  selected  having  been  unmnnared  for 
several  preceding  seasons.  The  description,  and  quantities  per 
acre,  of  the  different  manures  employed,  are  given  in  the  Tables, 
by  the  side  of  the  results  they  yielded  ;  but  it  will  be  well  to  stiff 
them  here,  at  one  view,  a  Little  more  fully  than  there  is  tVr* 
room  to  do. 

Plot  1.  Un manured. 

Plot  2,  Unmanured  (duplicate  plot  at  the  further  end  of  the 

series). 
Plot  3,  2000  lbs.  sawdust, 

Plot  4.  200  lbs.  each,  sulphate  and  muriate  ammonia  (good 
samples  of  the  salts  bo  named  in  commerce)* 

Plot  5.  2000  lbs.  sawdust,  and  200  lbs,  each  sulphate  and  mu- 
riate ammonia. 

Plot  6.  275  lbs,  nitrate  of  soda,* 

Plot  7.  550  lba.  nitrate  of  soda'  (equal  in  nitrogen  to  the  wumo- 

ni um-salts  of  plot  4), 
Plot  8,  Mixed  mineral  manure,  composed  of — 

200  Ibe.  bone  tit 
150  lbs.  boI] 
:ii)0  lbs.  m 

20011m  aulphftta  of  soda.f 
1(  0  Ibi.  sulphate  of  magnet 

Plot  9.  "  Mixed  mineral  manure,"  as  plot  8, and  2000  lbi,  &_ 
Plot  10,  u  Mixed  mineral  manure/'  ns  plot  8,  and  200  lb*,  rt* 

sulphate  and  muriate  ammonia. 
Plot  11,  "  Mixed  mineral  manure/'  as  plot  8,  200  Ibe.  ea*Jb 

phate  and  muriate  ammonia,  and  2000  lba.  Bawdu^ 
Plot  12.  "  Mixed  mineral  manure*  as  plot  8,  200  lb*,  each*01* 

phate  and  muriate  ammonia,  and  2000  lba,  cut  wtT" 

straw. 


Iphate  ofpata&h.T 


The  experiments  with  nitrate  gf  suita  did  not  ©rtnifDeuc*  until  lb* 

«■  1858. 
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Plot  13.  "Mixed  mineral  manure,"  as  plot  8,  and  400 lbs.  each 

sulphate  and  muriate  ammonia. 
Plot  14.  "  Mixed  mineral  manure,"  as  plot  8,  and  275  lbs.  nitrate 

of  soda.* 

Plot  15.  "  Mixed  mineral  manure,"  as  plot  8,  and  550  lbs.  nitrate 
of  soda*  (equal  in  nitrogen  to  the  ammonium-salts  of 
plots  4,  10,  Sec.). 

Plot  16.  14  tons  farm-yard  dung. 

Plot  17.  14  tons  farm-yard  dung,  and  100  lbs.  each  sulphate  and 
muriate  ammonia. 

It  would  be  desirable  to  have  had  some  plots,  with  the 
superphosphate  of  lime,  and  the  mixed  alkali-salts,  used  sepa- 
rately ;  but  it  was  considered,  that  to  increase  the  number  of  the 
experiments,  would  be  to  extend  the  series  beyond  convenient 
practicable  limits. 

The  artificial  manures  were,  for  the  purpose  of  equal  distribu- 
tion, mixed  with  ashes  prepared  by  burning  soil  with  a  portion 
of  weeds  and  turf.  They  were  sown  broadcast.  The  date  of 
sowing  was,  in  1856,  the  middle  of  February ;  in  1857,  the  24th 
February;  and  in  1858,  the  31st  of  March;  excepting  that  the 
nitrate  of  soda  (used  in  1858  only)  was  not  applied  until  the  8th 
of  April.  The  farm-yard  manure,  and  the  sawdust,  excepting 
in  the  first  season,  were  put  on  in  the  previous  November  or 
December. 

The  first  crop  only,  in  each  year,  was  mown ;  and  the  produce 
of  each  plot  was  weighed  separately  as  hay,  at  the  time  of  being 
carted  to  the  rick.  The  second  crop  was  eaten  off  by  sheep 
having  no  other  food ;  each  plot,  according  to  the  bulk  of  its 
produce,  having  a  given  number  penned  upon  a  portion  of  it,  the 
area  being  extended,  day  by  day,  as  the  feed  was  eaten  down.  To 
the  further  particulars  of  the  feeding,  and  to  the  estimates  made 
of  the  produce  of  the  second  crop,  we  shall  recur  presently. 

The  weight  of  hay  (one  cutting)  taken  from  the  different  plots, 
in  each  of  the  3  seasons,  is  given  in  Table  I.,  p.  8. 


Although  the  three  seasons  over  whioh  the  experiments  have 
extended  differed  widely  one  from  another  in  climatic  characters, 
the  amounts  of  gross  produce,  under  equal  conditions  of  manuring, 
were  upon  the  whole  much  the  same  in  the  three  seasons.  There 
was  indeed  a  tendency  to  increase,  from  year  to  year,  as  the  expe- 


*  The  experiments  with  nitrate  of  soda  did  not  commence  until  the  third 
-e^°«.  1858T 
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rimente  proceeded ;  but  this  tendency  is  the  more  apparent  when 
the  acreage  amounts  of  dry  matter,  instead  of  gross  produce  of 
hay  merely,  are  considered.  Viewed  in  this  way,  the  increase 
was  moreover  much  greater  in  the  second  year  as  compared  with 
the  first,  than  in  the  third  as  compared  with  the  second.  It  was 
too,  perhaps  upon  the  whole,  the  more  marked  where  the  most 
liberal  manuring  was  employed,  and  the  largest  crops  thereby 
obtained.  On  this  point  it  should  be  remembered,  that  the 
manure  from  the  sheep  consuming  the  second  crop,  so  far  as 
it  was  due  to  the  residual  manures  applied  for  the  preceding 
first  crop,  would  be  so  much  addition  to  that  supplied  for  the 
first  crop  of  the  succeeding  season ;  and  that  the  addition  would 
be  the  greater,  the  more  liberal  had  been  the  manuring,  and  the 
larger  the  amount  of  after-grass.  It  would  too,  with  excess  of 
manure,  be  somewhat  cumulative,  and  relatively  the  more  so, 
the  more  excessive  the  manuring,  and  the  greater  the  produce  of 
after-grass.  The  difference  in  the  produce  by  the  same  manure, 
in  one  season  compared  with  another — at  any  rate  the  increase 
in  the  amount  of  it  in  the  second  year  of  manuring  over  that 
in  the  first—  cannot,  therefore,  be  wholly  attributed  to  differences 
in  the  characters  of  the  seasons  themselves. 

With  regard  to  the  seasons  themselves,  a  few  general  observa- 
tions may  nevertheless  be  made.  The  growing  period  of  the 
first  season,  1856,  was  generally  much  colder  and  wetter  than 
that  of  either  1857  or  1858.  Its  rain  was  in  April  above  the 
average,  in  May  very  large,  and  in  the  final  month,  June,  but 
small.  The  moisture  in  the  atmosphere,  as  indicated  by  the 
dew-point,  was  generally  comparatively  low  ;  and  with  this,  the 
range  of  temperature  above  that  point  was  also  low. 

The  grass  season  of  1857  ranged  higher  both  in  maximum  and 
in  minimum  temperatures,  and  also  in  mean  range,  than  that  of 
1856 ;  and  in  that  of  1858  higher  numbers  still  were  registered 
in  regard  to  these  several  characters ;  but  especially  to  that  of 
the  maximum  temperature  of  the  final  month  June,  which  in  this 
third  season,  1858,  was  very  excessive.  Both  in  amount  and  dis- 
tribution of  rain,  April  differed  not  very  materially  in  the  three 
seasons.  May,  as  already  mentioned,  gave  in  1856  a  very  large 
amount  of  rain,  and  also  a  large  number  of  rainy  days.  In  the 
same  month  of  1857,  with  at  the  same  time  much  higher  tem- 
peratures than  in  1856,  both  the  actual  fall,  and  the  distribution 
of  rain,  were  very  small.  In  May  of  1858,  again,  with  still 
higher  temperatures  than  in  the  same  month  of  1856,  both  the 
actual  amoqnt  and  the  distribution  of  rain  were  pretty  full.  In 
June,  1856,  with  again  lower  temperatures  than  in  the  other 
years,  there  was,  after  the  very  wet  May,  now  but  very  little  rain. 
In  the  warmer  June  of  1857  there  was  a  fair  amount  of  rain ; 


and  in  the  still  hotter  June  of  1858  there  was,  after  a  mod 
wet  May,  but  little  rain. 

The  three  seasons  were  therefore  very  different  from  one  aa« 
other,  both  in  actual  character  as  to  heat  and  moisture,  and  m 
the  mutual  adaptations  of  these  two  qualities.  As  has  bm 
observed,  however,  the  gross  amount  of  the  heterogenous  produce 
— hay — did  not  differ  very  widely  in  the  three  seasons ;  though 
the  acreage  amount  of  dry  matter,  and  consequently  of  carton 
assimilated,  was  nevertheless  notably  less  in  the  first  and  colder 
and  wetter  season  1856,  than  in  either  of  the  others.  And, 
will  afterwards  be  seen,  with  the  prevailing  wet  and  cold  of  1 H, 
the  percentage  of  dry  matter  in  the  produce  was  low,  and  that  of 
the  mineral  matter,  and  of  the  nitrogen  in  that  dry  substance, 
high  —elm  met  era  which  indicate  comparatively  backward  condi- 
tions as  to  the  stage  of  growth  and  the  maturation  of  the  pi 
In  a  subsequent  division  of  this  Report  we  shall  fffastriril 
pretty  full  detail  on  the  point,  the  fact  that  the  proportions  m 
the  different  descriptions  of  herbage,  as  well  as  the  character  of 
the  development  of  each,  were  very  much  affected,  within  equal 
periods  of  the  season,  according  to  the  kind  of  manure  em- 
ployed. Had  we  equal  means  of  deciding  upon  the  varying 
character  of  the  produce  dependent  on  the  varying  chart! 
the  seasons  there  can  be  little  doubt,  that  the  produce  of  tbr# 
three  very  different  seasons  would  show  great  differences  hoth 
as  to  the  relative  amounts  of  the  various  plants  developed, 
a??  to  the  character  of  the  development  of  each. 


r>f  fa 
The* 


Directing  attention  now  to  the  comparative  effects  o(  4> 
different  wnnnre^  little  more  need  be  said  aa  ba  file  preddM  tf 
the  individual  seasons*    The  results,  as  between  one  condition 
of  manuring  and  another,  will  be  both  better  and  more  owily 
traced  by  confining  attention  to  the  column  showing  the  rtivfflw* 
annual  produce  over  the  8  years,  and  to  the  concluding  one 
Table  (I.)  showing  thearemge  annual  incre&it  by  manur?, 
records  relate,  as  will  be  remembered,  to  the  pro  chirr 
cutting  only.    An  estimate  will  be  given  further  on,  U 
actual  and  relative  amounts  of  hay,  to  which  the  after-feeil  on 
several  plots  was  probably  equivalent.    At  present  it  ia  only 
necessary  to  consider,  how  far  the  consumption  of  the  aUtr^** 
upon  the  land,  should  influence  the  judgment  to  be  formed0' 
the  effects  of  the  different  manures  according  to  the  weight* 
the  produce  of  the  first  crop  alone,    On  this  point  it  may** 
remarked,  that  the  knowledj 
portion  of  the  nitroi 
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bodies  (and  in  the  case  of  nitrogen  exhale),  is  such  as  to  lead  to 
the  conclusion,  that  the  land  would  lose  comparatively  little  of 
these  manuring  substances  by  the  consumption  upon  it  of  the 
after-grass  by  sheep.  By  far  the  larger  proportion  of  these  con- 
tained in  the  second  crop  of  one  year  would,  therefore,  remain 
towards  the  produce  of  the  first  crop  in  the  succeeding  year. 
Taken  over  a  series  of  years,  the  annual  produce  yielded  in 
the  first  crop,  will  thus  pretty  closely  represent  the  average  annual 
result  of  the  manure  on  any  particular  plot ;  at  any  rate  suffi- 
ciently so  for  a  general  comparison  of  the  effects  of  one  manure 
with  that  of  another. 

On  one  of  the  unmanured  plots  the  average  annual  produce  of 
hay  was  1  ton  3  cwts.  1  qr.  10  lbs. ;  and  it  varied  but  little  from 
year  to  year.  The  duplicate  unmanured  plot  was  somewhat 
shaded  from  the  afternoon  sun.  It  gave  in  the  first  two  years 
about  2  cwts.  less  of  hay  annually  per  acre  than  the  other,  but  in 
the  third  year  as  much  as  8  cwts.  of  hay  more.  The  fact  was,  as 
the  result  of  the  after-feeding  showed,  that  this  second  plot, 
though  it  gave  less  mown  hay  in  the  first  two  years  than  the 
first  plot,  gave,  on  the  other  hand,  more  after-grass  in  those 
years.  Hence,  there  was  less  removal  from  the  land  in  the  first 
two  years ;  and,  compared  with  the  other  plot,  some  accumulation 
of  manuring  matter  for  the  first  crop  of  the  third  season.  The 
average  annual  yield  of  mown  hay  on  the  duplicate  plot  was, 
however,  only  If  cwt.  more  than  on  the  other.  The  mean 
result  of  the  two  plots  may  therefore  be  fairly  taken  as  the 
average  annual  yield  of  the  land  and  seasons  in  question.  This 
amounted  to  1  ton  4  cwts.  and  3  lbs.  of  hay,  as  the  standard 
unmanured  produce  of  the  experimental  meadow-land. 

Sawdust  contains  very  little  of  either  nitrogen  or  mineral 
matter ;  but,  upon  high  authority,  it  has  been  stated  to  produce 
great  effects  as  manure,  by  virtue  of  the  solvent  action  of  the  car- 
bonic acid  which  it  yields  in  its  decomposition,  upon  the  mineral 
constituents  of  the  soil.  The  plot  where  there  were  employed 
per  acre  annually  2000  lbs.  of  sawdust  (containing  4  to  5  lbs.  of 
nitrogen),  yielded,  however,  an  average  annual  produce  of  about 
3£  cwts.  less  hay  than  the  unmanured  land.  Where  2000  lbs. 
of  sawdust  were  employed  with  ammonium-salts  (Plot  5),  there 
were  only  6  lbs.  per  acre  per  annum  more  produce  than  where 
the  same  description  and  amount  of  ammonium-salts  were  used 
alone  (Plot  4).  When  the  same  amount  of  sawdust  was  added 
with  a  liberal  mineral  manure  (Plot  9),  the  mixture  gave  annu- 
ally about  2 1  cwts.  more  hay  than  when  the  same  mineral  manure 
(Plot  8)  was  used  alone.  Lastly,  when  the  sawdust  was  em- 
ployed in  admixture  with  both  the  ammonium-salts  and  the 
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mineral  manure  (Plot  11),  the  produce  per  acre  per  annum  *aa 
about  |  cwt,  less  than  when  the  same  ammonia  m -salts  and 
mineral  manure  (Plot  10)  were  used  without  the  sawdust, 
nearly  a  ton  per  acre  per  annum  of  organic  matter  rich  in 
in  the  form  of  sawdust,  was  then  practically  of  no  avail* 

As  the  previous  enumeration  (p.  6)  and  the  Table  (p.  8) 
show,  the  ammonium-salts  employed,  consisted  of  an  equal 
ture  of  the  sulphate  and  the  muriate  of  ammonia  of  coma 
This  mixture  is  reckoned  to  contain  about  25  per  cent,  of  am- 
monia, which  is  equal  to  about  2 0  5  per  cent,  rf nitrogen.  The 
400  lbs,  of  ammonium -salts  per  acre  per  annum,  as  us*d  on 
several  of  the  plots,  would  therefore  bring  annually  on  to 
land  about  100  lbs.  of  ammonia, 

Where  the  400  lbs.  of  ammonium- salts  were  used  alone 
4) ,  they  gave  an  average  annual  mtinoM  of  11  cwts,  of  hay\ 
The  average  an  una  1  jproium  by  the  ammonium-salte  was  I  tan 
15  cwts.  of  hay* 

The  "mixed  mineral  rruinure"  alone  (Plot  8),  which  contained 
an  ample  supply  of  acid — phosphate,  and  sulphate  of  lime,  and  of 
potash,  soda,  and  magnesia,  in  the  form  of  sulphates,  but  winch 
did  not  afford,  in  a  direct  manner,  an  increased  supply  of  avail* 
able  silica,  gave  an  average  annual  increase  of  about  9  £  cwte. » 
hay  per  acre. 

The  ammonium-salts  alone^  it  has  been  seen,  gave  an  annual 
increase  of  11  ewts+  of  hay;  only  If  cwt.  more>  therefore,  than 
purely  mineral  manures.  It  will  be  shown,  however,  in  sonw 
detail  in  a  subsequent  WCtion,  that  the  description  of  the  in- 
crease differed  extremely  in  the  two  cases.  In  fact,  where  tto 
ammonium -salts  were  employed,  the  increase  was  exclusively  du« 
to  the  increased  growth  of  Gramm&GBtm*  plant*— t Im 
Natural  Grasses — there  being  scarcely  a  Legumimu*  plant  to  be 
found  upon  the  plot.  Where  the  purely  mineral  manures  #G* 
used,  on  the  other  hand,  the  Grasses  t  properly  so  called*  were 
observed  scarcely  to  have  increased  at  all ;  whilst  the  wliol*  fW 
was  thickly  covered  with  Perennial  Red  Clover  (Tnfolium  in- 
tense perenne)  and  some  other  Leguminous  plants.  Such  a  retwt 
is  perfectly  consistent  with  what  has  been  before  established  rt~ 
garding  the  (so  to  speak)  characteristic  adaptation  nf  mineral  au«* 
nitrogenous  manures  respectively,  to  those  crops  of  fcjtt 
families  which  are  grown  in  our  rotations. 

Mineral  mtrnuiw  alone  have  then  much  increased  I 
of  the  Leguminous  plants  on  the  meadow  land,    They  euflb^ 
the  Gram  inaeeous  ones,  on  the  othe  r  h  an  d ,  to  assi  m  i  I  a  I  e  but  lit 
more  of  nitrogen  or  carbon  from  natural  sources,  than  did 
normal  supply  of  ava  " 
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ind.  Very  different  was  the  action  of  mineral  manures  upon 
be  growth  of  the  Graminaceous  plants  of  the  Meadow,  when 
hose  manures  were  associated  with  a  liberal  artificial  supply  of 
vailable  nitrogen.  In  the  case  of  experiments  both  upon  Wheat 
nd  upon  Barley,  too,  it  has  been  shown  that  the  land  experi- 
lented  upon  was  competent,  for  a  series  of  years,  to  yield  up 
nnually  enough  of  mineral  constituents  for  a  considerably  larger 
rop  than  could  be  grown  under  the  influence  of  the  annually 
vailable  natural  supplies  of  nitrogen  alone.  The  annually 
vailable  mineral  constituents  were,  however,  not  sufficient  for 
uch  full  crops  as  the  seasons  would  yield,  when  there  tvas  a 
beral  artificial  supply  of  available  nitrogen.  There  appear  to 
e  obvious  reasons,  why  this  should  be  expected  to  bold  good  to  a 
Teater  extent  with  Meadow  Grass  than  with  these  Graminaceous 
rain  crops.  In  land  of  pretty  equal  original  characters,  the 
mount  of  mineral  matter  taken  annually  from  a  given  area  in 
Jrass  (mown  for  hay)  is,  under  the  same  annual  climatic  cir- 
umstances,  much  greater  than  that  taken  off  in  the  grain  and  in 
he  straw  of  the  seeding  crop.  The  mechanical  operations,  and 
he  exposure  to  the  atmosphere,  in  the  case  of  the  arable  land, 
rould  appear  to  indicate  a  greater  annual  disintegration  and 
iberation  of  total  mineral  constituents  over  a  given  area,  though 
iot  perhaps  more  within  the  limits  of  the  immediately  superficial 
ayers.  In  the  case  of  Meadow  Grass,  therefore,  the  original 
haracters  of  the  soil,  and  the  seasons,  being  equal,  both  the 
nnual  demand  for  mineral  constituents  would  be  greater,  and  the 
otal  annual  yield  of  them  from  the  soil  would  be  less,  than  in 
he  case  of  the  cereal  crop. 

Consistently  with  the  foregoing  considerations,  it  was  found, 
hat  although  the  ammonium-salts  when  used  alone  gave  an 
annual  increase  of  only  11  cwts.  of  hay,  the  same  amount  of 
kmroonium-salts,  when  in  conjunction  with  the  "  mixed  mineral 
nanure  "  (Plot  10),  gave  an  annual  increase  of  1  ton  15|  cwts. 
\{  hay.  Thus,  the  combination  of  ammonium-salts  and  the 
nixed  mineral  manure  gave  more  than  three  times  as  much 
ncrease  as  the  ammonium-salts  alone,  and  four  times  as  much 
s  the  mineral  manure  alone.  The  average  annual  produce, 
>y  the  mixture  of  the  ammonium-salts  and  mineral  mannre, 
mounted  in  fact  to  within  less  than  a  hundredweight  of  3  tons 
>f  hay  per  acre,  by  the  side  of  1  ton  4  cwts.  per  acre  on  the 
ontinuously  unmanured  land. 

Now,  this  produce,  by  the  mixed  mineral  manure  and  ammo- 
lium-salts  (Plot  10),  consisted  almost  exclusively  of  Grami- 
vacems  plants.  There  was  scarcely  a  clover,  or  any  other 
Leguminous  plant,  to  be  found  upon  the  plot.    The  action  of  the 
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mineral  manure?,  in  tliia  conjunction  with  ammonium-salts,  waa 

not  therefore  to  yield  increase  by  aiding  the  development  of 
Leguminous  plants,  as  was  the  case  when  the  same  mineral 
manures  were  used  alone.    The  mineral  manure  has  now  acted 
by  supplying,  within  the  reach  of  the  plants,  a  sufficiency  of 
certain  mineral  constituents,  to  enable  the  Graminaceous  plants  to 
appropriate,  and  turn  to  the  account  of"  growth,  a  much  larger 
portion  of  the  artificially  mpplied  nitrvgm  than  they  could  tfa 
when  the  ammonium-salts  were  used  alone.    In  fact,  there  were 
1  ton  4  \  cwts.  per  acre  per  annum  more  Gramximceom  h&j 
grown,  when  the  artificial  supply  of  nitrogen  was  accompanied  by 
a  liberal  artificial  supply  of  certain  mineral  constituents,  than 
when  it  was  not  so  accompanied. 

It  has  been  shown,  that  the  mineral  manures  had  little  or  no 
effect  in  increasing  the  assimilation  of  nitrogen  by  the  Meadow 
Grasses^  when  that  constituent  was  n&t  ariifidalh^  supplied.  Qu 
the  other  hand,  they  very  considerably  aided  that  assimilate 
when  available  nitrogen  um  artificially  supplied.     It  has  also 
been  shown,  that  tbe  addition  to  the  mixed  mineral  and  nitro- 
genous manure  of  a  large  quantity  of  sawdust— a  substance  rich 
in  carbon — did  not  further  increase  the  produce.    In  fact,  neitfar 
did  the  sawdust  (whether  alone  or  in  admixture)  seem  toaiiltb'* 
solution  of  mineral  constituents  by  the  evolution  of  carbonic 
acid  i  nor  did  this  possible  source  to  the  plant  of  carlkmic  aeiJ 
itself  seem  to  have  been  of  any  avail.  The  addition  to  the  tidni 
mineral  manure,  and  ammonium-salts  of  an  equal  weight  tfifll 
wheat-straw  instead  of  sawdust  (Plot  12),  was  equally  ivitWi 
effect  with  that  of  the  latter  substance,    Indeed,  nol  wit  Mandink' 
the  large  amount  of  mineral  constituents,  and  especially  of  silt- 
cious  compounds,  contained  in  the  cut  wheat-straw,  us coiujwind 
with  the  sawdust,  there  was,  whether  compared  wit  h  I  he  prodacs 
by  the  mixed  mineral  and  nitrogenous  mauure,  or  with  that  l? 
the  mixed  mineral  and  nitrogenous  manure  and  sawdust,  iui 
average  annual  deficit  of  4  to  5  cwts.  of  first-crop  hay,  wh^ 
the  cut  wheat-straw  was  employed.    The  plat  with  the  cut  wW- 
st raw ,  like  the  duplicate  unmanured  one,  was,  however,  somewb** 
shaded  ;  and  like  the  latter,  though  it  gave  a  somewhat  deficit 
first  crop,  gave  at  the  same  time  rather  more  after-grass  than 
plots  most  comparable  with  it    It  remains  to  be  seen,  therefor** 
whether  the  less  exhaustion  by  tbe  first  crop  hitherto,  and  the 
greater  return  of  constituents  as  manure  in  the  consumption  d 
the  second  crop,  will  not,  before  long,  tell  upon  the  amount  rf 
produce  of  the  first  crop*    And,  how  far  the  inefficiency  of  ^ 
sawdust  and  cut  wheat-straw  was  due  to  tho  slowness  of  tiwir 
will 
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rhe  mixed  mineral  manures  in  conjunction  with  400  lbs.  per 
e,  per  annum,  of  ammonium-salts,  gave  an  annual  produce 
more  than  2  tons  19  cwts.,  and  an  annual  increase  (over  the 
nanured)  of  1  ton  15|  cwts.  of  strictly  Graminaceous  hay.  The 
ae  mineral  manures,  together  with  double  the  above  amount 
ammonium-sal ts,  gave  even  more  produce  and  increase  still, 
e  mineral  manures  and  the  double  supply  of  ammonium-salts 
re,  on  the  average,  3  tons  3|  cwts.  of  annual  produce,  and  1 
i  19|  cwts.  of  annual  increase,  of  Graminaceous  hay. 
When  we  bear  in  mind  the  fact,  that  the  mixed  mineral 
►nure  alone  scarcely  increased  the  Graminaceous  produce  at  all, 
would  appear  that  the  increase  of  such  produce,  upon  the 
per-addition  of  the  400  lbs.,  or  of  the  800  lbs.  of  ammonium  - 
te,  was  (so  far  as  its  nitrogen  was  concerned)  at  any  rate 
inly  due  to  that  which  was  thus  artificially  supplied.  Assum- 
l  this  to  have  been  the  case,  it  would  result  that  the  first 
jrement  of  400  lbs.  of  ammonium-salts  (=100  lbs.  ammonia) 
*lded  an  increase  of  1  ton  15|  cwts.  of  hay,  but  that  the 
x>nd  increment  of  the  same  amount  gave  a  further  increase  of 
ly  4§  cwts.    The  two  together,  as  above  stated,  gave  1  ton 
j  cwts.  of  increase.   As  the  nitrogenous  supply  was  increased, 
3  effect  of  a  given  amount  of  it  was  therefore  very  greatly 
ninished.    Nor  is  this  result  to  be  attributed  to  a  deficiency 
mineral  constituents  where  the  larger  amount  of  ammonium- 
its  was  employed.  The  produce  on  the  addition  to  the  mineral 
mure  of  the  smaller  amount  of  ammonium-salts,  was  indeed 
kite  as  heavy,  if  not  heavier,  than  the  soil  and  seasons  were 
ited  to  mature  advantageously.  Further  evidence  on  the  point 
U  be  adduced  in  a  subsequent  section  of  the  Report.    But  it 
&y  be  here  stated  in  passing,  that  the  crop  grown  by  the  larger 
lount  of  ammonium-salts — supplying  as  it  did  the  enormous 
lantity  of  200  lbs.  of  ammonia  per  acre  per  annum — was  so 
er- luxuriant,  as  to  be  much  laid,  matted  together,  and  dead  at 
e  bottom,  some  time  before  the  bulk  was  ready  for  cutting. 
It  has  been  already  stated  that  the  trials  with  nitrate  of  soda 
ere  not  commenced  until  the  last  of  the  three  seasons,  over 
hich  the  other  experiments  extended.    The  nitrate  too,  was 
wn  about  a  week  later  than  the  other  manures.    The  result  of 
is  single  season's  trial  with  the  nitrate  was,  that  a  given 
□omit  of  nitrogen  so  supplied,  did  not  increase  the  produce  of 
ij  equally  with  the  same  amount  in  the  form  of  ammonium- 
»lte.    Still  the  influence  of  artificial  nitrogenous  supply  upon 
le  Grass  crop  is  here  again  illustrated. 

Nitrate  of  soda,  in  amount  supplying  nitrogen  equal  to  aboui 
)  lbs.  of  ammonia  per  acre  (Plot  6),  gave  scarcely  any  increase 
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whatever  over  the  mecrn  unmanured  produce  of  the  same  I 
Double  this  amount  of  nitrate  of  soda  (Plot  7Jt  containing 
nitrogen  equal  to  the  ammonium-salts  of  Plot  4t  gave  about 
3f  cwta.  less  increase  of  hay  per  acre  than  the  equivalent  amount 
of  ammonium- sal ts .  When  the  smaller  amount  of  nitrate  of 
soda  was  used  in  conjunction  with  the  "  mixed  mineral  manure" 
the  produce  amounted  to  1  ton  1 7 f  cwts.  of  hay,  or  to  ll^cwte. 
more  than  when  the  same  amount  of  nitrate  was  used  alone. 
Lastly,  with  the  larger  amount  of  nitrate  of  soda  (=  in  nitrogen 
to  the  400  lbs.  of  ammonium-gaits),  together  with  the  "  mixed 
mineral  manure31  (Plot  15),  there  were  2  tons  1 Qg  cwte.  of  jmxluce 
instead  of  1  ton  1 1  f  cwte.  by  the  same  amount  of  nitrate  of  wda 
without  the  mineral  constituents.  This  increased  produce  by  tie 
nitrate  of  soda  and  mineral  constituents  was,  however,  consider- 
ably less  than  cither  the  average  annual  yield,  or  that  of  the  I  hid 
season  taken  alone,  by  an  equal  amount  of  nitrogen  in  ammonmro- 
salts,  with  the  mineral  manure  in  addition.  So  far,  howe 
action  of  the  manures  applied  in  such  full  quantity  is  < 
from  year  to  year,  it  will  of  course  to  that  extent  be  itle 
to  draw  any  strict  comparison  between  the  produce  of  one  manure 
in  its  third  season,  and  that  of  another  in  its  first  season  of  appli- 
cation  The  character  of  nitrate  of  soda  as  an  efficient  Gum 
manure,  and  as  acting,  both  on  this  and  other  crops,  by  virtue  rf 
the  nitrogen  it  contains,  is  too  well  established  by  other  experi- 
ments— indeed  by  common  experience  also — to  admit  of  doubt , 
It  remains  to  be  seen,  what  will  be  the  comparative  effects  of  & 
given  amount  of  nitrogen  supplied  in  nitrate  of  soda 
ammonium-salts  respectively,  when  the  trials  have 
tinned  over  numerous  and  various  seasons. 

Before  leaving  the  results  with  the  nitrate  of  soda,  it  sh 
stated  that  it  liad  the  same  effects  as  the  ammonium -sal to* 
discouraging  the  growth  of  the  Leguminous  herbage,  and  in  ejicoo 
raging  that  of  the  Graminaceous  plants,  or  G  rasses.  The  lucres 
of  action  when  the  mineral  constituents  were  added  to  the  mr.i  l  •■ 
in  the  form  of  the  nitrate,  was,  therefore,  as  in  the  case  of  their 
addition  to  the  ammonium-salts,  not  to  he  attributed  to  th^f 
enabling  Graminaceous  plants  to  take  up  more  nitrogen  Jh* 
'natural  or  unaided  source*  f  but  to  their  supplying,  wit  hi"  ;i 
limited  range  of  the  soil,  the  mineral  constituents  requisite  t"* 
the  efficient  action  upon  the  collective  and  assimilative  | 
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*  It  will  he.  remembered,  however,  that  tn  this  third  reason  the  dap'^f* 
unmatured  plot  g&re  an  obvioualy  somewhat  excessive  produce  of  btfjjj 
baring  given  smaller  montn  crops  than  the  other  in  the  preceding  *ca«oia*»^ 
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if  the  plants,  of  the  nitrogen  artificially  supplied.  It  will  be 
town,  on  a  future  occasion,  that  the  percentage  of  nitrogen  in  the 
Iry  substance  of  the  hay,  grown  both  by  ammonium-salts  alone, 
,nd  by  nitrate  of  soda  alone,  was  comparatively  very  highr— in 
act,  considerably  higher  than  when  the  mineral  manures  were 
J  so  employed,  whereby  the  Graminaceous  produce  was  much 
□creased.  So  far  then  as  there  was  an  excessive  amount  of 
dtrogen,  in  the  form  of  elaborated  nitrogenous  vegetable  com- 
pounds, where  the  supplied  nitrogen  was  liberal — the  mineral 
onstituents  in  defect — and  the  growth  restricted  thereby — it  was 
hat  there  is  a  relative  deficiency  in  the  formation  of  the  non- 
dtrogenous  vegetable  substances. 

Attention  has  now  been  called  to  the  annual  amount  of  hay 
obtained  both  without  manure,  and  by  the  use  of  certain  indi- 
idual,  or  classified  constituents  of  manure.  In  this  way,  some 
nformation  has  been  acquired  as  to  the  manurial  requirements 
or  the  growth  of  a  heavy  produce  of  the  crop  in  question.  Let 
is  now  examine — what  were  the  effects  upon  the  hay  crop  of  that 
*>mplex  substance — Farmyard  manure  ?  And,  bearing  in  mind 
he  facts  already  brought  to  view,  in  regard  to  the  action  of  cer- 
ain  individual  manures,  let  us  endeavour  to  form  a  judgment  as 
o  which  of  the  constituents,  or  classes  of  constituents,  of  farm- 
rard  manure,  its  effects  upon  the  hay  crop  are  mainly,  or  at  any 
•ate  characteristically,  due. 

The  annual  application  of  14  tons  of  farmyard  manure  per 
icre,  gave,  over  the  three  years,  an  average  annual  produce  of  2 
ons  £  cwt.  of  hay,  =  16£  cwts.  per  acre  per  annum  more  than 
he  unmanured  plot.  This  increase  by  farmyard  manure  is 
greater  than  that  by  either  the  mixed  mineral  manure  alone,  or 
he  ammonium-salts  alone ;  but  it  is  less  than  half  the  increase 
obtained  when  these  two  descriptions  of  manure  were  used  con- 
ointly.  This  increase  of  16^  cwts.  of  hay  per  annum,  by  the  use 
>f  14  tons  of  dung  is,  it  will  be  seen,  little  more  than  1  cwt.  of 
lay  for  every  ton  of  the  manure  employed. 

It  has  been  seen  that  carbonaceous  substance,  whether  applied 
n  the  form  of  sawdust  or  of  cut  wheat-straw,  had  little  or  no 
ffect  upon  the  hay  crop.  It  is  probable  that  the  carbonaceous 
ubstance  of  the  dung  would  yield  up  its  carbon  in  the  form  of 
arbonic  acid,  or  of  other  products  of  decomposition,  more  readily 
ban  that  of  either  of  the  substances  just  mentioned.  But  the 
armyard  manure  contained,  besides  carbonaceous  substance,  a 
arge  amount  of  both  mineral  constituents,  and  of  ammonia,  or 
litrogen  in  some  form.  It  has  been  seen,  too,  that  these  latter 
mbstances,  when  used  without  carbonaceous  matter,  gave  greatly 
acreased  crops  of  hay.  Under  these  circumstances,  we  can 
lardly  hesitate  to  attribute  the  main  effects  of  the  fanxwwtd 
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manure  upon  the  hay  crop j  rather  to  the  conjoint 
mineral  and  nitrogenous  constituents  than  to  its 
of  carbonaceous  substance. 

That  the  mineral  constituents  of  the  dung  had  their  share  of 
effect,  woahi  appear  from  the  facts,  that  the  Legtminout  herbage 
was  moderately  luxuriant  on  the  dang  plot,  and  that  those  of  Ui© 
(trasses  were  the  most  developed,  which  were  increased  in  their 
proportion  to  the  rest  by  the  artificial  mineral  manures,  And 
again ,  that  the  nilrogm*  also  of  the  dung  was  effective,  may  be 
judged,  not  only  from  the  general  development  of  the  G 
n  a  ceo  os  plants  under  its  use,  but  from  the  fact  of  a  like 
in  the  proportion  of  the  Grasses  in  jfoweriwj  and  &eetUn*i  d 
where  ammonium-salts  were  employed  in  conjunction  with 
mixed  mineral  manure*  It  would  appear,  however,  that  a  wA 
less  proportion  of  the  whole  nitrogen  supplied  to  the  land  was 
active,  when  it  was  provided  in  the  form  of  farmyard  manure, 
than  when  in  that  of  ammoniom^salts*  There  would,  in  " 
considerably  more  of  nitrogen  applied  per  acre  in  the  14 
farmyard  manure,  than  in  the  400  lbs.  of  the  mixed  am  room  nm* 
salts.  Nevertheless,  the  encouragement  of  the  Leguminous  plnnta 
was  much  greater,  and  that  of  the  Graminaceous  ones  much  ktf, 
where  the  farmyard  manure  was  employed,  than  w! 
400  lbs.  of  ammonium-salts,  together  with  the  mixed 
manure,  were  used. 

That  the  less  produce  by  the  farmyard  manure,  than 
mixed  mineral  manure  and  400  lbs,  of  ammonium  -satis,  wi 
to  a  deficiency  of  availahh  nitrogen,  notwithstanding  the 
actual  amount  of  it  in  the  dung,  would  appear  from  the  fact,  tint 
on  the  employment  of  200  lbs,  of  ammonium-salts  in  mlSt 
the  farmyard  manure  (Plot  17)?  there  was  a  further  average 
annual  increase  of  8|  cwts.  of  hay  per  acre*  Still,  even  witLtlus 
addition,  there  waa  about  £  a  ton  less  of  hay  annually  than  wherf 
the  "mixed  mineral  manure"  and  the  400  lbs.  of  ammonium- 
salts  were  applied. 

The  evidence  regarding  the  action  of  the  fmmyard  wmwK 
goes  to  show,  that,  though  it  is  doubtless  a  very  complete  and 
important  restorer  of  both  the  mineral  cone  tit  uents  nwl  t^' 
nitrogen  required  to  repair  the  exhaustion  of  this  most 
crop,  yet,  the  amount  rf  them  constituents  supplied  by  its  ma*& 
is  proportionally  much  less  active  within  a  given  tint  ti.iintfc* 
provided  in  the  artiticial  combinations*  As,  however,  pennant 
meadow-land,  especially  when  attached  to  an  amble  farm,  A*** 
not,  as  practice  goes,  so  much  as  a  matter  of  course*  come?  in  *nr 
a  due  periodic  supply  of  farmyard  manure  as  dom  tlifl  ^ 
under  rotation,  it  becomes 
bestow  special 


on  Permanent  Meadow  Land. 


19 


IS 

II 

2 

*§ 

£0 


« 


s 


s 


a  (i 


II! 

£?2 


3  Zi 
-  Si 


151 

»sc£ 


1.1 

I -a 


!!! 


2  aw 

£0 


FT 


it 


i=?=  Is  S3 

si 

m  s  ES 

£3 

SSI  1  ii 

f  f) 

tui 

=s 1 151 1 :: 

"    1  ^ 

-< 

i::r:: 

1  i  . 

IP 

sir  ■ 

:  1* 
I    m  ■  w 

a 
5 

.  - 

11 

_*  SS 

Sff«S 

—  « 

£  I  S  2  li 


$s  s  S  S  is 


it  on     cd  go 

s*  2   S  I 


XL  X  30 


OO  ti    *»    ©  «o 

li?  S  3  S 


M       «1  HP 


38  8  S  8  S  Si 


con  m    w  » 


8  8  8  8 


88  8  8  8  8 


5  *  *  2 
J  1  Set 

es5Be"c"=Ec* 
«  *x  2  *  •?«  25  E2  4 


•3- 

C  vi 

ii 

3 


3  3  3      3      s      S      3  3 


§5 


»1  9* 

8  fe 


t3 


i 


H 

60 


s  s  <■ 

S|i 
sag 
•Sis 

ht 


»1 


20  Report  of  Experiment*  with  different  Manure 


exhausted,  than  in  that  of  rotation  crops  under  ordinary  god 
management.    In  fact,  the  grass-land  of  the  arable  farm  is  but 

too  frequently  looked  upon  as  the  legitimate  sphere  for  robbery 
for  the  other  crops*  Indeed,  considering  the  nature  of  the 
exhaustion  of  permanent  grass-land  generally,  when  mown  for 
hay,  and  at  the  same  time  bearing  in  mind  the  character  of  the 
artificial  manures,  which  are,  in  point  of  economy,  at  the  com- 
mand of  the  farmer,  it  would  seem  that  the  permanent  condition 
nf  such  land  should  be  kept  up  by  farmyard  manure,  stable  dung, 
town  manures,  and  the  like,  and  the  active  growth  aided,  year 
by  year,  by  the  so-called  artificial,  nitrogenous— or,  better  still, 
nitrogenous  and  phosphatide— manures.  Where  hay  is  grown 
for  the  supply  of  a  neighbouring  town,  the  (in  the  above  sease) 
permanent  condition  of  the  land  is  very  generally  maintained  by 
town  manures  of  some  kind  brought  by  the  retnra  carriage. 
But  where  hay  is  grown  on  an  arable  farm,  and  is  mown  far 
consumption  by  the  stock  (or,  still  worse,  for  sale),  the  return  w 
but  too  often  by  no  means  so  complete.  The  question  of  kMtii&g 
up  the  fertility  of  grass-land  by  sewage,  or  other  irrigation,  U 
one  of  course  of  entirely  separate  consideration  from  that  urn 
before  the  reader. 


Before  giving  a  summary  enumeration  of  the  results  and  con- 
clusions thus  far  indicated,  it  wili  be  well  to  direct  at  h 
the  relative,  and,  as  far  as  they  can  be  estimated,  the  advrt 
finiiiiiiifs  <.f  <i/i<  <•-,(, yielded,  on  the  differently  numurvi  [risfe 

In  Table  II.  are  given  : — 

In  the  1st  Division—the  actual  number  of  sh**oji 
put  upon  each  plot  of  after-grass,  and  the  actual  numlier  of  dan 
they  were  fed  upon  it,  in  each  of  the  three  seasons  of  the  experi- 
ments ; 

In  the  2nd  Division — the  nnmher  of  sheep  calculate  to  h% 
kept  per  acre,  on  each  plot  for  one  week,  in  each  of  the  iodivid«fll 
seasons,  and  on  the  average  of  the  three  seasons  ;  and 

In  the  last  column  of  the  Table — the  estimated  average  anno*! 
amount  of  hay  per  acre,  to  which  the  after-grass  consumed 
be  equivalent,  reckoning  the  sheep  to  eat  grass  equal  in  amount 
to  16'  lbs.  of  hay  per  head,  per  week. 

Calculating  the  after-grass  iuto  its  assumed  equivalent  of  h*y> 
as  above  described,  the  result  is>  of  course,  only  m 
tion  to  the  truth,    Looked  upon  as  such,  it  is  not  w  i?3i.  . 
value  and  interest.    The  so-estimated  amounts  of  after-f*^ 
the  respective  plots  show,  as  compared  one  with  anofli     p  " 
tiou9  very  coincide 
by  the  mown  : 
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It  has  already  been  noticed  that  the  produce  of  first-crop  hay 
m  Plot  2  (the  duplicate  unmanured  plot)  was  less  in  the  first 
#wo  seasons,  and  more  in  the  third,  than  on  Plot  1,  the  other 
inmanured  one.  Table  II.  shows,  on  the  other  hand,  that  there 
whs  rather  more  after-feed  in  the  two  first  seasons  on  the  duplicate 
inmanured  plot  than  on  the  other.  Taking  the  mean  of  the  two 
plots,  the  unmanured  land  shows  an  average  annual  yield  of  after- 
grass =  578  lbs.  of  hay.  The  sawdusted  plot,  as  in  the  first  crop, 
jo  again  in  the  second,  gives  rather  less  produce  than  the  unma- 
lured  one.  The  ammonium-salts  alone  gave  rather  more  after- 
feed  than  the  unmanured  plot ;  and  the  ammonium-salts  and 
sawdust  gave  the  same  amount  as  the  ammonium-salts  alone. 
Fhe  Plot  with  the  "  mixed  mineral  manure "  alone,  with  its 
uxuriant  Leguminous  herbage,  gave  more  after-feed  than  the 
>ne  with  ammonium-salts  alone.  The  addition  of  the  sawdust 
:o  the  "mixed  mineral  manure "  gave  no  further  increase.  The 
Plot  with  both  the  "  mixed  mineral  manure  "  and  the  400  lbs. 
)f  ammonium-salts,  as  in  the  first  crop,  so  now  in  the  second, 
rave  more  produce  than  either  of  the  plots  where  the  respective 
manures  were  used  separately.  The  addition  of  sawdust  to  the 
nixture  of  the  two  manures  gave  no  further  increase.  The 
iddition  of  cut  wheat-straw,  instead  of  sawdust,  showed  some 
advantage  in  the  second  crop,  the  produce  in  the  first  crop  being 
somewhat  deficient.  The  combination  of  the  "  mixed  mineral 
manure,"  and  the  double  amount  (=800  lbs.  per  acre)  of  ammo- 
lium-salts,  gave  the  largest  amount  of  first-crop  hay,  and  now 
igain  the  largest  amount  of  after-grass,  of  any  manure  in  the 
series. 

The  nitrate  of  soda,  which  was  used  only  in  the  third  season, 
*nd  then  yielded  less  of  first-crop  hay  than  an  amount  of  am- 
monium-salts equal  to  it  in  contents  of  nitrogen,  appears, 
according  to  the  figures  in  the  Table,  to  have  given,  on  the  other 
hand,  a  larger  amount  of  after-grass.  As,  however,  a  large  and 
equal  number  of  sheep  was  put  upon  each  of  the  nitrate  plots, 
and  for  one  day  only,  not  even  the  relative  amounts,  still  less  the 
actual  quantities  recorded  as  estimated  second-crop  hay,  can  be 
much  relied  upon  in  these  cases  of  experiment  with  the  nitrate. 

The  farmyard  manure  plots  gave  of  second  crop,  as  they  did 
of  first,  a  produce  intermediate  between  that  without  manure, 
and  that  by  the  "  mixed  mineral  manure  "  and  400  lbs.  of  am- 
monium-salts. 

Were  these  estimated  amounts  of  hay  in  the  second  crop  of 
the  respective  plots,  to  be  added  to  those  actually  removed  in  the 
firat  crop,  the  comparative  action  of  the  different  manures  as  it 
would  be  then  represented,  would  not  appear  to  differ  in  any 
material  point  from  that  indicated  by  the  amounts  of  hay  actually 
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taken  off  in  the  first  crop.  Independently  of  this,  however,  by 
far  the  larger  pn  'portion  of  both  the  mineral  constituents  and  the 
nitrogen  of  the  second  crop  would,  as  before  stated,  be  returned 
to  the  land  by  the  sheep  feeding  upon  it.  It  would,  therefore, 
obviously  be  a  further  deviation  from  the  true  ivpn -Mentation  of 
the  actual  facts,  to  take  into  account  the  estimated  second  crop  as 
a  part  of  the  removed  produce  of  the  manures  employed,  than  to 
omit  it  from  the  calculation  altogether,  These  estimated  amount* 
of  second  crop,  varying  as  they  do  in  the  proportion  of  from  1  to 
2  j  according  to  the  manure  employed,  are,  nevertheless,  inter- 
esting of  themselves,  as  showing  great  differences  in  vegetative 
activity  after  removal  of  the  first  crops,  depending,  of  course,  on 
the  varying  character  and  amount  of  the  residual  or  unused  ma- 
nure ♦  They  are,  moreover,  useful  aids  in  forming  a  judgment 
respecting  the  comparative  cumulative  effect sT  from  year  to  year, 
of  the  different  manures,  But  when,  in  a  subsequent  Part  of  this 
lie  port,  we  come  to  consider  the  debtor  and  creditor  account  of 
certain  constituents  on  the  several  plots- — the  relation  of  lie 
amounts  removed  in  the  produce  to  those  supplied  in  manure— 
we  shall  assume  the  amounts  taken  off  in  the  increase  of  the  first- 
crop  only,  as  the  most  nearly  representing  the  gain  due  to  lie 
supply  in  the  manure  employed. 


It  is  proposed,  in  a  subsequent  section — to  show  the  acMSflP 
amounts  of  certain  constituents  removed  in  the  produce  from  the 
different  plots,  and  the  relation  of  these  in  the  increase,  to  tto* 
supplied  in  the  manures— to  consider  in  some  detail  theTVjiof 
description  of  the  herbage  according  to  the  manure  employed. - 
and  to  shew  the  consequent  variations  in  the  chemical  eom|X** 
tion  of  the  complex  gross  produce^  or  hay.  In  the  mean  u>w» 
founded  upon  the  evidence  thus  far  recorded,  relating  tci 
amount  per  acre,  and  the  general  character,  of  the  hay  obtain*0 
by  the  different  manures,  the  following  general  results  and  oc- 
clusions may  be  enumerated  : — 

1.  That  the  effect  of  a  m i xed ,  bu t  pu rely  mineral  ma/NUrr , 
the  complex  herbage  of  permanent  meadow  land,  was  chiefly  W 
develop  the  growth  of  the  Legu/mimtim  plants  it  contained ;  ^ 
scarcely  at  all  to  increase  the  produce  of  the  Grwninac&w*  plan** 
or  commonly  called  Natural  f 

2.  That  the  action  of  purely  nitrogenous  manure  a  ,  upon  f  W  P  r" 
maueut  ni endow,  was  to  discourage  the  growth  of  the  Logvsfffl^* 
herbage,  and  to  increase  the  produce  of  the  Chwrnimmm  b*?' 

3.  That  by  the  comUwiion  of  both  ntirogmmi*  and 
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increased.  In  the  particular  soil  and  seasons  in  question,  the 
increase  obtained  by  the  combination  was  far  beyond  the  sum  of 
the  increase  yielded  by  the  two  descriptions  of  manure,  when 
each  of  them  was  used  separately. 

4.  That  farmyard  manure  gave  a  considerable  increase  of 
chiefly  Graminaceous  hay.  In  the  soil  and  seasons  in  question, 
however,  the  artificial  combination  of  nitrogenous  and  mixed 
mineral  manure  yielded  a  very  much  larger  increase  than  an 
annual  dressing  of  14  tons  of  farmyard  manure. 

5.  That  peculiarly  carbonaceous  tnamires  had  little  or  no  bene- 
ficial effect  on  the  amount  of  produce  of  the  hay.  That  the  little 
effect  (if  any)  which  the  carbonaceous  manures  did  exhibit, 
seemed  to  be  favoured  by  admixture  with  mineral  manures ;  and 
then  (as  when  the  mineral  manures  were  used  alone)  it  appeared 
to  be  the  Leguminous,  rather  than  the  Graminaceous  herbage, 
that  was  encouraged. 

6.  That  the  beneficial  action  of  farmyard  manure  upon  the 
Grass  crop,  is  to  be  attributed  chiefly  to  its  mineral  and  nitro- 
genous constituents,  and  comparatively  little  to  its  large  amount 
of  carbonaceous  substance. 

7.  That  the  large  increase  of  produce  obtained  by  the  combi- 
nation of  nitrogenous  and  mixed  mineral  manure,  being  almost 
entirely  Graminaceous,  the  mineral  manures,  when  in  this  com- 
bination, did  not  act  as  when  used  alone,  in  developing  the 
highly  nitrogenous  Leguminous  herbage.  The  great  increase  in 
the  produce  of  hay  obtained  by  the  conjunction  of  the  mineral 
with  the  nitrogenous  manure,  is  to  be  attributed  to  the  supply, 
within  a  limited  range  of  the  soil,  of  a  sufficient  amount  of  the 
necessary  mineral  constituents,  to  enable  the  Graminaceous  plants 
to  turn  to  the  account  of  growth,  the  nitrogen  at  tlie  same  time 
artificially  supplied. 

8.  The  general  result  is,  that  the  Leguminous  plants  in  the 
meadow,  like  those  grown  in  our  arable  fields,  were  much  in- 
creased in  growth,  and  assimilated  more  nitrogen  from  unaided 
sources  over  a  given  area,  when  they  were  liberally  supplied 
With  certain  mineral,  or  primarily  soil-constituents.  At  the  same 
time,  notwithstanding  the  high  (both  percentage  and  acreage) 
yield  of  nitrogen  in  Leguminous  produce  generally,  the  increased 
growth  of  the  Leguminous  herbage  of  the  meadow  was  not 
favoured  by  the  direct  supply  of  nitrogenous  manures— a  result 
'which  is  again  very  similar  to  that  obtained  with  the  Leguminous 
crops  of  our  rotations.  On  the  other  hand,  the  Graminaceous 
hay  plants,  like  the  Graminaceous  grain-crops  of  our  rotations, 
assimilated  but  little  more  nitrogen,  from  natural  sources,  under 
"the  influence  of  liberal  supplies  of  purely  mineral  manure  ;  they 
gave  a  largely  increased  growth,  only  when  there  was  an  artificial 


supply  of  available  nitrogen  wiih-in  the  soil ;  and 

provided, 


the  direct  supply  of  mineral  constituents  was 


when  this  was 
inessential 


to  its  full 


The  more  practical  conclusions  may  be  very  shortly  statd. 
In  order  that  the  more  temporary,  or  more  rapidly  acting  mean* 
of  increasing  the  produce  of  meadow  land,  may  have  their  full 
effect,  the  more  permanent  means  of  amelioration  f .hat  mav  I G 
required — such  as  draining,  marling ,  liming,  and  the  like— mast 
not  be  neglected.   The  application  of  bones  is  not  recommend) 
for  general  adoption.    They  appear  to  be  chiefly  adapted  to  tie 
exhausted  pastures  of  certain  localities,  and  not  to  bo  generally 
applicable  to  meadow  land  which  is  nmwn  fur  hay.    The  liny 
crop  is  a  great  exhauster  of  the  mineral  constituents  of  the  soil ; 
and  these,  owing  to  the  high  price  of  salts  of  potash,  cannot,  with 
profit,  bo  fully  restored  in  artificial  manures.   The  return  oftW 
mineral  constituents  is  better  accomplished  by  means  of  f&nnywd 
manure,  stable  dung,  night  soil,  and  the  liJie ;  which,  at  the  name1 
time,  bring  on  to  the  !and  a  more  or  less  considerable  quant Etj 
of  available  nitrogen.    The  best  4 1  art{firifil"  manures  for  gm»- 
land,  are,  Peruvian  guano,  which  is  rich  in  phosphates  as  well 
nitrogen  ;  and  nitrate  of  soda,  and  sulphate  of  ammonia,  wliica 
are  rich  in  liitmgrii,  but  rout  am,  of  course,  no  phosphate 
i  Vrnvjjui  LnciTkO,  when  used  ulmu \  may  he      ployed  nt  tuentl  W 
from  H  to  2  J  cwts.  per  acre  ;  nitrate  of  soda  alone,  or  ralptote 
(or  muriate)  of  ammonia,  at  the  rate  of  1  4  to  2  cwts.  per  ac«» 
The  salts  of  ammonia  are,  however,  relatively  too  exjieusive  to  be 
employed  largely  with  profit ;  and  both  ammonium-«*lt* 
nitrate  of  soda  are  more  advantageously  used  in  combination*^ 
guano.    A  very  generally  useful  top-dressing  for  the  hay  cf*f 
ru;i\  Ihl  made  of  '■'<■  | iari lVrnvi;m  guam>,  1  part  hit rattMil".^1*-'-1- 
and  1  part  sulphate  of  ammonia.   Of  this  mixture,  2  to  2 J  * 
per  acre  may  ba  employed,    With  this  applied  annually, 
the  application  of  1 0  or  1 2  tons  per  acre  of  poor  rotten  dung  <w* 
every  four  or  five  years,  a  good  crop  of  hay  may  be  tnkeo  ^ 
every  year,  without  injury  to  the  land.  The  best  time  of  sown  £ 
the  "  artificial  "  manures  is  generally  in  January  ;  and  it  should 
at  any  rate  be  seldom  postponed  beyond  February, 
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Part  II. — Produce  of  Constituents  per  Acre. 

In  order  that  the  more  directly  practical  conclusions  to  be  drawn 
from  the  experiments  might  be  brought  out  more  prominently, 
attention  was  confined  in  the  former  section  of  our  Report  almost 
exclusively  to  the  nature  of  the  manures  employed,  and  to  the 
amounts  of  the  gross  produce  or  increase  of  hay  obtained  by  their 
use.  A  few  passing  remarks  only  were  made  upon  the  variable 
character  of  the  herbage,  according  to  the  description  of  manure 
employed.  But  there  are  other  aspects  of  the  subject  than  those 
hitherto  considered,  which  are  well  worthy  the  attention  of  the 
intelligent  farmer. 

The  permanent  meadow  land  of  a  farm  stands  in  a  somewhat 
isolated  position  in  regard  to  the  crops  under  tillage.  In  the  case 
of  the  rotation  crops,  the  straw  of  the  grain  ones,  the  larger  portion 
of  the  most  important  manurial  constituents  of  the  green  crops, 
frequently  the  manure  from  the  consumption  of  the  hay  of  the 
meadow  land  itself,  and  perhaps  that  from  imported  cattle-food 
also,  will,  at  least  once  in  the  course,  find  their  way  to  the  arable 
land.  But  the  meadow  land  does  not  generally  come  in  for  a  due 
share  of  restoration  of  constituents  by  the  home  manures.  Hence 
it  happens,  that  the  amount  of  constituents  actually  carried  from 
the  land,  year  by  year,  in  the  hay  crop,  has  generally  a  more  direct 
influence  on  exhaustion,  than  that  harvested  in  the  rotation  produce. 

It  is  important  to  consider  then — what  amounts  of  the  several 
constituents  are  taken  from  an  acre  of  land  in  an  ordinary  crop 
of  hay  ? — what  is  the  drain  of  them,  which  the  stores  of  the  soil, 
or  the  supplies  of  other  manures,  are  called  upon  to  meet,  when 
the  produce  is  increased  by  means  of  active  portable  manures  ? — 
and  further,  what  is  the  proportion  of  the  active  manurial  con- 
stituent nitrogen  supplied  in  such  manures,  that  is  recovered  in 
the  increase  of  crop  obtained  by  its  use  ? 

It  is  also  essential  to  a  right  appreciation  of  the  action  of  dif- 
ferent manures  upon  the  grass-crop,  carefully  to  ascertain  their 
influence  upon  the  development  of  the  different  plants  of  which 
the  mixed  herbage  is  made  up,  and  at  the  same  time  to  take  into 
OoDsideration  the  recognised  comparative  qualities  of  the  different 
plants  so  developed. 

Lastly,  with  a  great  variation  in  the  proportion  of  the  different 
plants  developed,  and  in  the  degree  of  their  maturity  at  any  given 
time,  according  to  season  and  the  manure  employed,  it  is  obvious, 
"that  there  must  be  corresponding  variation  in  the  percentage 
Composition  of  the  complex  produce — hay.  The  influence  of  the 
different  manures  upon  the  chemical  composition  of  the  hay  con- 
stitutes, therefore,  another  important  point  of  inquiry. 

It  would  perhaps,  in  some  points  of  view,  be  more  in  order  to 
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give  the  results  of  the  analyses,  and  with  them  to  consider  thr 

jtercetda-ge  composition  of  the  hay,  before  treating  of  the 
yield  of  the  several  constituent^  calculated  by  means  of 
results  ;  but  it  will,  upon  the  whole,  be  more  convenient  to  ana* 
plete  the  subject  of  the  quantity  of  produce  before  commencing 
upon  that  of  quality* 

Having,  therefore,  in  Part  I.,  considered  the  acreage  amount* 
of  the  gross  produce,  or  hay,  attention  will  be  directed  in  the  pre- 
sent section  (Part  II.)  to  the  acreage  quantities  of  certain  tfwwri- 
tucnts,  or  classes  of  co7ifitilue7ih1  obtained  by  the  different  manures* 

Part  III,  will  be  devoted  to  the  discission  of  one  element  nf 
quality,  namely,  that  of  the  description  and  proportion  of  the 
different  plant*  developed- 

Lastly,  in  Part  IV.,  the  percentage  composition  < 
produce — hay}  will  be  considered, 

Tlie  particulars  relating  to  the  amount  of  the  several  con- 
stituents, per  acre,  contained  in  the  produce  by  the  different 
manures,  are  given  in  a  series  of  Tables,  as  follow  : — 

In  Table  111.— The  produce  of  hay,  per  acre,  calculated  in 
as  the  basis  of  the  succeed ing  Tables, 

In  Table  I V. — The  prod  uceof  total  dry  mibzUmee^  per  acre,  in 

[,L  Table  \\~  The  u\u\€ ml  ttutlkr  (ash),  per  acre,  in  lbs. 

In  Table  VL — The  mtrorjen  in  the  total  prmluce,  per  acre,  in  II*. 

In  Table  VII.— The  nitrogen  in  the  increase  by  n 
acre,  in  lbs. 

In  Table  VIIL—  The  proportion  of  the  nitrogen  recomnd 

increase  Jor  100  part*  supplied  in  i 


L  The  Dry  Matter  jxt  lov. 

On  the  amounts  of  dry  mutter,  per  acre  (Table  1 V  K  a  very  fcw 
observations  will  suffice.  Taki  ng  the  average  of  the  three  yeilf 
over  which  the  experiments  oxtietfcded,  the  annual  yield  uf  dn 
matter  was,  without  manure^  almost  exactly  a  ton  per  acre, 
is  slightly  under  the  amount  obtained,  without  manure,  in  irh#d 
(grain  and  straw  together),  taking  the  average  of  fourteen ; 
of  the  consecutive  growth  on  the  same  land ;  and  it  is 
hundredweights  below  that  obtained  in  barUy,  without  BMOfl^i 
tak  i  n  g  t  h  e  average  of  six  years'  consec  nti  ve  gro  wt  h  on  t  lie  same  h» 

By  means  of  manures^  the  yield  of  dry  matter,  per  acre,  iaUif 
hay  crop,  was  in  sever  a  I  of  the  experiments  considerably  inert:  Hi*1 
doubled,  The  increased  produce  of  dry  matter  wag  thus  gi*fr- 
indeed  the  greatest — where  no  carbonaceous  manure  wbiteWP*** 
employed.  It  may  l>e  reckoned  that  the  dry  substance  of  the  W 
would  contain  about  40  per  cent,  of  carbon.  Adopting  f,i !* 
estimate,  there 
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acre,  in  the  average  annual  produce  of  the  unmanured  land. 
Where  an  enormous  amount  of  organic  matter,  rich  in  carbon, 
was  supplied  in  the  form  of  sawdust,  little  or  no  increased 
assimilation  of  carbon  took  place  ;  where  a  still  larger  quantity 
was  employed  in  the  form  of  farm-yard  manure  (in  admixture, 
therefore,  with  other  active  manurial  matters),  there  was  a  con- 
siderable increase  in  the  assimilation  of  carbon.  But,  under 
these  circumstances,  it  is  doubtful  whether  the  farm-yard  manure 
itself  was  the  source  of  the  increased  amount  of  carbon  fixed,  or, 
at  any  rate,  whether  its  supply  of  that  substance  (in  the  form 
of  carbonic  acid  or  otherwise),  has  been  at  all  essential. 

Thus,  it  was  by  means  of  mixtures  of  mineral  manures  and 
ammonium- salts,  without  the  direct  supply  of  any  carbon, 
that  the  greatest  increased  assimilation  of  that  substance  was 
obtained.  For  instance,  on  plots  10  and  13,  there  was  an  average 
of  about  1  £  ton  of  increase  of  dry  substance  per  acre,  per  annum, 
by  the  use  of  the  mixed  mineral  manure  and  ammonium-salts. 
This  amount  of  gross  dry  increase  represents  an  increased  assimi- 
lation of  carbon,  by  about  12  cwts.  per  acre  per  annum,  without 
the  supply  of  any  in  the  manure.  To  this  enormous  extent, 
therefore,  have  these  rum-carbon-yielding  manures  enabled  the 
plants,  either  by  their  roots  or  their  leaves,  to  draw  that  element, 
so  essential  for  the  maintenance  of  the  respiration,  and  for  the 
fattening  of  our  animals,  from  the  atmospliere : — into  which, 
in  the  course  of  the  ever-constant  revolutions  of  organic  nature, 
it  had  been  emitted  by  the  combustion  or  decomposition  of  the 
products  of  former  vegetation,  or  by  the  respiration  of  animals 
fed  on  former  crops : — and  into  which,  it  is  destined  to  be  returned 
by  the  same  means,  as  the  resource  of  future  vegetable  growth. 

It  was  seen,  how  unavailing  were  mineral,  manures  alone  ma- 
terially to  increase  the  growth  of  the  Graminaceous  hay-plants. 
That  is  to  say,  by  their  supply  alone,  these  plants  were  not 
enabled  to  assimilate  an  increased  amount  of  either  nitrogen  or 
carbon  from  natural  sources.  Nor  did  the  supply  of  one  of  these 
elements — carbon — enable  the  plants  to  draw  from  natural 
sources  an  increased  amount  of  the  other  element — nitrogen.  On 
the  other  hand,  provided  there  were  a  sufficiency  of  the  necessary 
mineral  constituents,  the  supply  of  the  element  nitrogen,  in  an 
available  form  of  combination,  increased  enormously  the  assimi- 
lation of  the  atmospheric  constituent  carbon.  It  may  be  re- 
marked in  passing,  that  a  very  similar  result  is  observed  when 
nitrogenous  manures  are  employed  for  the  Graminaceous  crops  of 
our  rotations.  Not  that  no  other  crops  are  found  to  assimilate 
an  increased  amount  of  carbon  without  its  supply  in  manure, 
when  they  have  a  sufficiency  of  mineral  constituents  and  avail- 
able nitrogen  within  the  soil.    But  compared  with  others^  the 
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Graminaceous  crops  appear  to  be  the  most  strikingly 
of  any  artificial  carbonaceous  supply. 

2,  The  Mineral  Matter  per  Acre* 

The  average  annual  yield  per  acre  of  mineral  matter  (Table 
was,  in  the  unmanured  hay-crop,  158£  lbs,  Thia,  it  ma 
observed ,  is  about  1£  time  as  much  as  was  contained  in 
annual  unmamired  produce  of  either  wheat  or  barley. 

By  the  use  of  ammonium-salts  ahner  an  average  of  223 J  Iba., 
or  about  2  cwts.  of  mineral  matter,  was  annually  taken  from  th 
land  in  the  hay-crop,    This,  again,  is  from  1£  to  1|  time  u 
much  as  was  removed  in  either  wheat  or  barley  when  similarly 
manured — that  is,  by  ammonium-salts  alone.    By  the  addtim 
of  mineral  man  arm  to  the  same  amount  of  ammonimnr-mlt^  tie 
quantity  of  mineral  matter  annually  taken  off  the  land  in  the 
hay-crop  was  increased  to  nearly  4  cwts.  [tor  acre.  AgainsUlu* 
amount,  farm-yard  manure  gave  an  average  of  only  306*}  N*. 
ni m i-m I  matter  in  its  annual  yield  of  hay,  notwithstanding  that 
it  itself  contained  not  only  a  very  large  amount  of  mineral  con- 
stituents, but  of  nitrogen  also,  which  is  so  essential  to  bring  them 
into  play.    This  comparatively  defective  action  of  the  consti- 
tuents of  farm-yard  manure  is,  doubtless,  owing  in  great  measure 
to  the  Blow  liberation  of  both  the  nitrogen  and  the  mineral 
matter  supplied  in  that  form*   When  ammoviium-mlte  were  used 
in  addition  to  the  farmyard  manure^  still  only  S7i|  lbs>  °' 
mineral  matter  were  annually  taken  from  the  land ;  that  i*  to 
Bay,  still  considerably  less  than  when  the  whole  of  both  the 
nitrogen  and  the  mineral  matter  were  provided  in  a  raoro  readily 
available  condition- 
It  is  more  particularly  in  potash*  that  the  hay-crop  is  trior* 
exhausting  than  what  might  be  called  a  corresponding  prodiM*  $ 
either  wheat  or  barley.   In  relation  to  this  point,  attention  sli 
be  called  to  the  fact,  that,  as  practice  ^ocs,  almost  as  a  matter^ 
course,  a  notable  proportion  of  the  phosphoric  acid,  and  of  ^ 
magnesia,  almost  the  whole  of  the  silica,  and  by  far  tike  Itff^ 
proportion  of  both  the  lime  and  the  potash,  taken  from  thel*^ 
in  the  wheat  and  the  barley  crops,  will,  at  some  period  rf  n 
rotation,  be  returned  to  it,  in  the  home-manures  to  which  the  ***** 
of  these  crops  has  contributed.    But,  in  the  case  or  mn. 
associated  with  land  under  tillage,  it  is  by  no  raeana  so  probable 

*  Independently  of  the  fact  that  an  ordinary  h ay  crop  will  contAifl  m,1IJ 
mineral  matter  than  the  grain  and  the  straw  of  an  ordinary  tvhr»t  ,;r  ^jr" T 
crop,  the  a*ih  of  the  h&p  contains  about  twice  as  high  a  percentage  ct  f***^ 
as  that  of  th?  gross  produce  (grain  and  straw)  of  n-U^nt  or  barley.  Bat  tni 

par  tic  alar  a  will  bo  given  j 
h*r*ciop,  in  Part  IV, 
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that  the  mineral  constituents  of  the  hay  will,  in  anything  like  a 
corresponding  degree,  find  their  way  back  from  whence  they  came. 
It  will  be  obvious,  therefore,  that,  according  to  current  practice, 
the  meadow-land  will  be  mnch  more  liable  than  the  arable  to 
become  deficient  in  a  due  provision  of  the  necessary  mineral  con- 
stituents. These  considerations  show  that  both  the  wheat  and 
the  barley-crops  may,  with  comparative  impunity,  be  kept  up 
bo  a  high  point  of  productiveness  by  means  of  forcing  portable 
manures,  provided  only  that  the  crops  of  the  course,  as  a  whole, 
receive  theirdue  share  of  the  home  manures.  It  will,  at  the  same 
time,  be  equally  obvious,  that  similar  means  are  not  applicable 
for  the  production  of  full  crops  of  hay,  unless  similar  conditions 
be  provided  ;  that  is  to  say,  unless  the  meadow,  in  its  turn,  receive 
%  due  proportion  of  the  home  manures. 

Where,  however,  grass  is  grown  for  hay  by  those  holding  little 
>r  no  arable  land,  it  is  generally  for  the  supply  of  a  neighbouring 
own ;  and  in  such  cases  a  liberal  amount  of  stable  and  other 
own-manures  is  generally  brought  upon  the  land.  Under  these 
rircamstances,  the  additional  use  of  the  more  active  portable 
nanures,  will  not,  as  a  rule,  be  advantageous. 

8.  The  Nitrogen  per  Acre. 

Attention  must  now  be  directed  to  the  acreage  yield  in  the  hay 
if  the  important  constituent  nitrogen.  In  the  experiments  under 
:onsideration,  the  annual  yield  of  nitrogen  per  acre,  taking  the 
kverage  result  of  3  years,  was,  without  manure,  39  8  lbs.  (see 
Table  VI.).  By  the  side  of  this  amount  it  may  be  mentioned, 
hat  the  average  of  14  consecutive  years  of  unmanured  wheat  gave 
{0*7  lbs. ;  and  that  of  6  consecutive  years  of  unmanured  barley, 
56*5  lbs.  of  nitrogen. 

From  these  figures  ib  appears,  that  the  hay-crop  (so  far  as  the 
experiment  has  yet  extended)  has  given  from  one-third  to  one- 
lalf  more  nitrogen  per  acre  per  annum,  without  manure,  than 
either  wheat  or  barley.  Part  of  this  excess  of  nitrogen  in  the 
lay-crop,  though  probably  not  the  whole  of  it,  is  due  to  the  fact, 
hat  the  mixed  herbage  of  the  hay  comprised  a  number  of 
Leguminous  plants,  which  contain  a  higher  percentage  of  nitro- 
jen,  and  have  apparently  greater  powers  of  assimilating  it  from 
latural  sources,  thau  the  Graminaceous  ones.  Indeed,  where 
nineral  manures  alone  were  employed  (Plot  8),  under  the  influ- 
ence of  which  the  development  of  Leguminous  plants  was  greater 
ihan  on  any  of  the  other  plots,  there  was  an  average  of  56(5  lbs. 
per  acre  per  annum  of  nitrogen,  without  the  supply  of  it  in 
manure,  instead  of  only  39*8  lbs.  without  manure  of  any  kind. 
Thus,  without  the  addition  of  any  nitrogenous  manure,  there  waa 
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here  an  average  annual  increase  of  16*8  lbs.  of  nitrogen  per  acre. 
But  this  increased  yield  of  nitrogen  obtained  by  the  use  of 
mineral  manures,  it  is  to  be  observed,  was  not  due  to  an  increased 
development  of  the  Graminaceous,  but  to  that  of  the  Leguminous 
portion  of  the  herbage.  In  fact,  the  annual  yield  of  nitrogen  per 
acre  in  this  case,  where  the  Leguminous  plants  comparatively  so 
much  predominated,  was  nearly  double  that  which  has  been  ob- 
tained in  the  continuously  unmanured  cereal  crops  of  the  arable 
land. 

The  next  point  of  consideration  in  regard  to  the  nitrogen-' 
sia iistics  of  the  hay-crop,  is  one  of  great  interest,  both  in  a 
practical  and  scientific  point  of  view ;  namely,  that  of  the  relation 
of  the  nitrogen  in  the  increase,  to  that  in  the  manure  employed 
to  produce  it.    Tables  VII.  and  VIII.  illustrate  this  part  of  the 
subject.    Table  VII.  shows  the  actual  increase  of  nitrogen  in  the 
produce  fin  lbs.  per  acre),  where  it  was  supplied  in  manure. 
Table  V1IT.  shows  the  proportion  of  nitrogen  recovered  in  the 
increase,  for  K)0  of  it  supplied  in  manure.    But  in  both  Tables 
two  sets  of  columns  are  given.    The  first  of  these  relates  to  the 
increase  of  nitrogen  over  that  in  the  unmanured  produce,  and  the 
second  to  the  increase  over  that  in  the  produce  by  the  "  mixed 
'mineral  mamtre."    The  reader  has  thus  the  facts  put  before  him 
in  two  aspects.    It  appears  to  us,  however,  from  a  careful  con- 
sideration of  all  the  circumstances  of  the  experiments,  that  the 
only  legitimate  mode  of  estimating  the  amount,  or  proportion,  of 
nitrogen  recovered  in  the  increase  of  hay,  for  a  given  amount  of 
it  supplied  in  the  manure,  will  be  to  assume  the  nitrogen  of  the 
vumanim-d,  and  not  that  of  the  mineral  manured  produce,  as  the 
standard  or  normal  yield,  upon  which  to  calculate  the  increase 
obtained  by  the  action  of  nitrogenous  manure — whether  this  be 
used  alone,  or  in  addition  to  mineral  manures. 

'Jims,  it  must  be  remembered,  that  the  increase,  both  of  gross 
produce  and  of  nitrogen,  was,  when  mineral  manures  alone  were 
employed,  due  to  an  increased  development  of  Leguminous  plants. 
On  the  other  hand,  when  nitrogenous  manures  were  used,  either 
alone  or  in  combination  with  mineral  manures,  the  increase  was 
due  to  the  increased  development  of  the  Graminaceous  herbage 
only.  Under  these  circumstances,  it  is  obvious,  that  the  whole 
increase  by  the  combined  action  of  both  nitrogenous  and  miner*! 
manures  (it  being  almost  entirely  graminaceous),  must  be  suppose^ 
to  be  due,  so  far  as  the  resources  of  nitrogen  are  concerned,  to  tbrt 
artificially  supplied  in  the  manure.  That  is  to  say,  bearing  in 
mind  the  difference  in  the  description  and  composition  of  the 
herbage  grown  by  mineral  manures  alone,  and  by  mineral  n*" 
mi  res  in  admixture  with  nitrogenous  ones,  the  influence  of 
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addition  of  the  nitrogen  is  not  represented  simply  by  the  differ- 
ence between  the  prominently  Leguminous  produce  by  mineral 
manures  alone,  and  the  almost  exclusively  Graminaceous  produce, 
when  nitrogenous  as  well  as  mineral  manures  are  employed.  It 
will  be  obviously  much  nearer  the  truth  to  assume,  that  the  arti- 
ficially supplied  nitrogen — whether  employed  alone  or  in  con- 
junction with  mineral  manures — was  engaged  in  the  production 
of  ai  least  the  whole  amount  of  increase  above  the  produce  with- 
out manure. 

In  fact,  it  is  not  impossible  that,  in  even  this  mode  of  estimate, 
the  degree  in  which  the  artificially-supplied  nitrogen  has  been 
involved  in  the  amount  and  composition  of  the  produce,  is  some- 
what understated.  For,  even  the  unmanured  produce  contained 
more  of  the  highly-nitrogenized  Leguminous  herbage,  than  did 
that  grown  by  either  ammonium-salts  alone,  or  by  ammonium- 
salts  in  conjunction  with  mineral  manure.  Hence,  it  might  be 
concluded,  that  the  point  beyond  which  the  artificially-supplied 
nitrogen  became  involved  in  the  production  of  Graminaceous  in- 
crease, would  be  even  below  that  represented  by  the  acreage 
yield  of  nitrogen  without  manure.  For,  that  amount  depended 
materially  upon  the  quantity  of  the  highly  Leguminous  herbage 
in  the  unmanured  produce,  which  was  at  once  diminished  on  the 
addition  of  nitrogenous  manures. 

For  the  above  reasons,  then,  it  is  assumed  that,  at  least  the 
whole  of  the  nitrogen  in  the  produce  by  nitrogenous  manures 
beyond  that  yielded  on  the  unmanured  plot  may  be  calculated  as 
due,  in  a  certain  sense,  to  that  which  was  artificially  supplied — 
whether  or  not  the  nitrogen  was  so  supplied  alone,  or  was  aided 
in  its  action  by  conjunction  with  mineral  manures.  At  the  same 
time,  it  is  freely  granted,  that  the  legitimacy  of  any  estimates 
regarding  the  proportion  of  the  nitrogen  supplied  by  manure 
'Which  is  involved  in  the  increase  obtained  by  its  use,  must  rest 
entirely  on  that  of  the  assumption  made  as  to  the  amount  of  the 
\vhole  nitrogen  of  the  produce,  which  is  to  be  attributed  to 
natural  sources.  It  is  not,  indeed,  possible,  to  obtain  actual  proof, 
t^hat  produce  grown  by  nitrogenous  manures  has  really  assimi- 
lated neither  more  nor  less  of  nitrogen  from  other  sources,  than 
tjiat  grown  without  them.    It  might  be  supposed  that,  with  a 
**eady  supply  of  available  nitrogen  within  a  limited  range  of  the 
Soil,  the  plants  would  draw  less  upon  the  natural  or  unaided  re- 
sources.   On  the  other  hand,  it  might  be  assumed  that,  with  the 
increased  vigour  of  growth  due  to  nitrogenous  manure,  the  feeders 
erf  the  plant  would  be  so  extended,  both  above  and  under  ground, 
Ss  to  increase  its  command  over  the  natural  resources  of  available 
nitrogen.    It  is  obvious,  therefore,  that  the  best  estimate  to 
^?hich  our  judgment  can  lead,  cannot,  after  all,  be>  locfewk  xr^sa 


espectireJf* 
i  ofaaunB 


as  representing  with  certainty,  the  exact  proportions  in  which 
the  nitrogen  of  the  manured  produce  has,  in  point,  of  fact,  been 
obtained  from  the  natural  and  the  artificial  sources  respectively, 
These  observations  will  sufficiently  indicate  the  degree  of 
lion  with  which  the  fibres  in  the  Tables,  and  the 
founded  upon  them,  should  be  accepted. 

In  regard  to  the  figures  in  Table  VII.,  which  show  in  lbs*  the 
actual  increase  of  nitrogen  per  acre  hy  its  use  in  manure,  it  should 
be  explained,  that,  where  40G  lbs,  of  ammonium- salts,  or  550  lbs. 
of  nitrate  of  soda,  were  employed  per  acre*  it  is  estimated  that 
82  lbs.  of  nitrogen  were  thereby  supplied,  The  275  lbs.  of 
nitrate  of  soda  is,  of  course,  assumed  to  supply  half,  and  the 
800  lbs.  of  ammonium-salts  double  that  amount.  The  2ui>0  lbs. 
of  sawdust,  according  to  direct  analysis,  would  contain  only 
4£  lbs.  of  nitrogen.  It  isr  then,  to  these  amounts  of  nitrogen 
supplied,  that  those  recorded  in  the  Table  as  increase,  are  to  be 
respectively  referred. 

I > 1 1 <  j i  is  in  Table  \  1 1 r . «  where  the  increase  of  nitrogens  b  III 
produce  is,  for  each  experiment,  calculated  in  relation  to  100 
parts  of  it  supplied  in  manure,  that  the  proportion  of  the  nitrogen 
assumed  to  be  recovered,  to  that  supplied,  is  brought  to  view  the 
most  clearly, 

Where  nmraonium-salts  were  used  alone  (see  upper  Division 
of  Table  VIII.),  there  wast  taking  the  average  of  the  three  y  ;r 
only  2 7  7  per  cent,  of  the  supplied  nitrogen  recovered  in  tb* 
increase.  And  where  the  ammonium-salts  and  sawdust  Hi* 
used,  there  was  somewhat  less  still  recovered,  namely,  24  5  per 
cent. 

The  nitrate  of  soda,  which  was  employed  in  one  season  obIt, 
and  then  sown  somewhat  disadvantageous^  late,  when  it 
i^ed  alone,  returned  in  the  increase  of  produce  nearly  the  »** 
proportion  of  its  nitrogen  as  the  ammonium-sal  ta  (as  jfl** 
quoted) — namely,  23*8  per  cent,  when  the  smaller  iimount> 
25"8  when  the  larger  amount  of  the  salt  was  used*   Bur  in  n  ?  r' 
enee  to  this  result,  it  should  be  mentioned,  that  the  pcromtnf  0 
nitrogen  in  the  hay  grown  by  the  nitrate,  was  notably  hitfnef 
than  in  that  grown  by  the  ammonium -salts  in  the  same 
in  fact,  the  proportion  of  nitrogen  in  the  former  was  aom**^ 
abnormally  high. 

The  result  was,  then,  that  where  either  ammonimn-s*!**  n[ 
nitrate  of  soda  were  employed  without  the  aid  of  the  mro*^ 
manure,  there  was  only  about  am-fourth  of  the  supplied  nitrog*1 
recovered  in  the  immediate  increase  of  the  hay-cmp. 

In  connexion  with  the  result  just  stated  attention  P»?  * 
called  to  the  fact,  ' 
man  ares  are 
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increase  of  nitrogen  in  the  produce  by  the  use  of  it  in  manure 
is  supposed  to  be  represented  by  so  much  only  as  was  over  and 
above  that  yielded  by  the  mineral  manures  alone,  there  would 
then  appear  to  be  only  about  the  same  proportion  of  the  sup- 
plied nitrogen  recovered  as  when  the  nitrogenous  manures  were 
used  alone,  and  the  increase  of  nitrogen  then  calculated  over  that 
in  the  unmanured  crop.  Thus,  taking,  as  supposed,  the  yield  of 
nitrogen  by  the  mineral  manures  alone  as  the  basis  of  the  calcu- 
lation, the  increase  obtained  by  the  super-addition  of  the  400  lbs. 
of  ammonium-salts  will  have  returned  only  30  per  cent. ;  that 
by  the  400  lbs.  of  ammonium-salts,  and  2000  lbs.  of  sawdust, 
only  24*1  per  cent. ;  that  by  the  400  lbs.  of  ammonium-salts  and 
2000  lbs.  of  cut  wheat-straw,  only  28  8  per  cent. ;  and  that  by 
the  800  lbs.  of  ammonium-salts,  35*5  per  cent.,  of  the  sup- 
plied nitrogen.  In  regard  to  the  fact,  that  there  appears  to  be  a 
larger  proportion  of  the  supplied  nitrogen  recovered  (35*5  per 
cent.)  when  the  extravagant  amount  of  800  lbs.  of  ammonium- 
salts  per  acre  was  employed,  it  may  be  stated  that  the  result  is 
due  to  an  extremely  high  percentage  of  nitrogen  in  the  produce, 
and  not  to  a  favourable  proportion  of  increase.  The  larger 
return  of  the  supplied  nitrogen  is,  therefore,  though  an  apparent, 
yet  only  a  questionable  advantage.  Adopting  the  same  mode  of 
calculation  as  above,  the  addition  of  nitrate  of  soda  to  the  mineral 
manures  gave  a  less  favourable  result  than  that  of  ammonium- 
salts.  When  41  lbs.  of  nitrogen  were  employed  in  the  form  of 
nitrate,  there  were  only  17*7  per  cent.;  and  when  82  lbs.  of 
nitrogen  were  so  provided,  there  were  only  21*2  per  cent,  of  the 
supplied  nitrogen  recovered  in  the  increase. 

But,  reckoning,  as  has  been  shown  it  would  be  more  proper  to 
do,  that  the  whole  of  the  nitrogen  obtained  by  the  conjoint  action 
of  the  mineral  and  nitrogenous  manures  beyond  that  yielded 
without  manure,  has  probably  been  due  to  that  artificially  sup- 
plied, the  proportional  return  in  the  immediate  increase  then 
appears  to  be  much  greater.  On  this  mode  of  estimation,  the 
400  lbs.  of  ammonium-salts  (with  mineral  manure)  have  re- 
turned in  the  increase  50*5  percent. ;  the  400  lbs.  of  ammonium- 
salts  and  2000  lbs.  of  sawdust  (with  mineral  manure)  43*5  per 
cent. ;  the  400  lbs.  of  ammonium-salts  and  2000  lbs.  of  cut  wheat- 
straw  (with  mineral  manure)  46*5  per  cent. ;  the  800  lbs.  of  am- 
monium-salts (with  mineral  manure)  45  8  per  cent. ;  the  275  lbs. 
of  nitrate  of  soda  (with  mineral  manure)  59*9  per  cent. ;  and  the 
550  lbs.  of  nitrate  of  soda  (with  mineral  manure)  42  3  per  cent., 
of  the  nitrogen  supplied  in  the  manure. 

Taking  the  average  of  the  results  just  quoted,  there  were  about 
48  per  cent,  of  the  supplied  nitrogen  recovered  in  the  immediate 
increase  of  the  hay-crop,  when  the  nitrogenous  manure  was  asso- 


elated  with  a  liberal  provision  of  the  necessary  mineral  consti- 
tuents.   Such  at  any  rate  is  the  result,  on  the  assumption  list 
as  much  of  the  nitrogen  of  the  produce  as  was  in  excess  of  thai 
obtained  without  manwte%  is  to  be  attributed  to  that  which  was 
artijititilht  supphttL     When,  however,  the  same  nitrogenous 
manures  were  employed  without  the  aid  of  mine  ml  nianurv^ 
only  about  half  as  much  of  the  supplied  nitrogen  appeared  to  be 
recovered  in  the  immediate  increase.  There  was,  moreover,  Ltt/U 
more  than  half  as  much  of  the  supplied  nitrogen  i  -: 
recovered,  if,  when  mineral  and  nitrogenotis  manures  were 
together,  the  yield  of  nitrogen  by  the  mineral  manures  ttl**^ 
instead  of  that  wiihmt  mamwre,  were  assumed  to  represent  the 
amount  obtained  from  natural  sources.    But,  even  though  the 
larger  amount  may  more  nearly  represent  the  actual  proportim 
of  the  supplied  nitrogen  which  was  recovered  in  the  increase 
when  mineral  manures  were  also  used,  it  will  be,  at  the  sauie 
time,  obvious  that,  in  a  certain  practical  sense,  tie  only  j; 
nitrogen  in  produce  by  the  addition  of  it  to  mineral  manun 
that  amount  beyond  what  would  have  been  obtained  by  the 
mineral  manures  alone, 

On  other  occasions  it  has  been  shown,  that,,  in  the  growth 
full  crops  of  either  wJwat  or  barley  by  the  direct  applied 
of  nitrogenous  manures,  little  more  than  40  per  cent,  of  the  sup- 
plied nitrogen  could  be  estimated  as  recovered  in  the  inime 
increase  obtained.  It  might  perhaps  be  anticipated,  t  b^t  tin* 
result  would  be  different  in  the  case  of  the  hay-cro}*.  Nut  outf 
are  but  few  of  the  plants  composing  it  fully  ripe  at  the  tp4 
being  cut,  but  their  roots  have  a  much  more  complete  posstfUfl* 
of  the  whole  area  of  the  superficial  layers  of  eoih  So  far  wB  ^ 
ex  peri  m  ent  s  have  yet  extend  e 1 L  the  Id  y  rcuqp  ioos  not  app^  to 
return  in  its  immediate  increase,  a  larger  proportion  of  thr  flp 
plied  nitrogen  compared  with  wheat  or  fotr&y,  than  w^'f 
perhaps  with  reason  be  attributed  to  the  ruon*  r\i«'uded 
but  ion  of  the  feeders  of  the  crop  on  a  given  area  of  laml. 

It  appears,  then,  from  the  evidence  as  yet  at  command,*1^ 
in  the  case  of  the  grass-crey,  as  in  that  of  the  rijxmed 
grains  1  a  considerable  proportion  of  the  expensive  ounstituc-u^ 
nitrogen — which  may  be  supplied  in  manure,  has  to  be  recto1*** 
as  unrecovered  in  either  the  immediate  or  the  closely-sue^e^S 
increase  of  crop. 

The  possible  explanations  of  this  loss  of  nitrogen—  * 
apparent  as  the  case  may  be — are  numerous  \  but  tiey  are  bjgi* 
or  less  within  the  reach  of  careful  and  extended  expftrim*15** 
inquiry.  It  may  be  supposed— that  a  portion  of  the  iu*iW#*f*J 
amount  of  nitrogen  ist  in  some  form, draijiod  away 
the  supplied 
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and  nitrogen  in  some  form  evaporated  ? — that  a  portion  remains  in 
the  soil  in  some  fixed  and  unavailable  state  of  combination  ? — that 
ammonia,  or  some  other  compound  of  nitrogen,  or  free  nitrogen 
itself,  is  given  off  during  the  growth  of  the  plant  ? — or,  it  may  be, 
that  the  range  of  distribution  of  the  supplied  nitrogen,  and  its 
state  of  combination  within  the  soil,  are  alone  sufficient  obstacles 
to  its  being  taken  up  in  larger  proportion  by  the  immediate  crop  ? 
Should  the  last  supposition  afford  a  sufficient  explanation  of  the 
facts  observed,  the  assumed  loss  would  be  one  but  in  appearance 
merely.  The  farmer  might  then  still  hope  to  reap  the  whole 
benefit  of  his  costly  nitrogenous  manures,  in  the  course  of  time, 
in  succeeding  crops.  Be  this  as  it  may,  the  facts  that  have  been 
recorded  afford  additional  confirmation  of  the  opinion  so  fre- 
quently insisted  upon,  that,  in  the  case  of  the  Graminaceous 
plants  which  we  cultivate,  a  full  crop  is  obtained  only  when 
there  is  a  liberal  provision  of  available  nitrogen  within  tlie  soil ; 
and,  further,  that  when  this  provision  is  made  by  means  of 
direct  nitrogenous  manures,  a  large  proportion  of  the  so-supplied 
nitrogen  will  remain  unrecovered  in  tlie  increase  of  crop}  at  least 
for  a  considerable  period  of  time. 


The  main  facts  elicited  on  a  consideration  of  the  acreage  yield 
in  the  hay-crop,  of  some  of  its  important  constituents,  or  classes 
of  constituents,  according  to  the  condition  of  manuring,  may 
be  summed  up  as  follows : — 

1 .  The  average  annual  produce  of  Total  Dry  Substance,  in  the 
xinmanured  meadow-hay-crop,  was  about  1  ton  per  acre,  which 
Would  contain  about  900  lbs.  of  carbon.     These  amounts  are 

somewhat  less  than  were  annually  obtained  without  manure  in 
either  wheat  or  barley. 

2.  Purely  carbonaceous  manures  did  not  appear  to  increase  the 
assimilation  by  the  Graminaceous  herbage  of  either  carbon  or 
nitrogen. 

3.  Purely  mineral  manures  induced  little  or  no  increased  assi- 
milation of  either  carbon  or  nitrogen  by  the  Graminaceous,  but  a 
considerable  amount  by  the  Leguminous  herbage. 

4.  Specially  nitrogenous  manures,  such  as  ammonium-salts, 
^ven  when  used  alone,  notably  increased  the  assimilation  of 
carbon  and  nitrogen  by  the  Graminaceous,  but  not  by  the  Legu- 
irninous  herbage. 

5.  By  means  of  manures  supplying  both  mineral  constituents 
cznd  nitrogen,  but  no  carbon,  there  was  an  annual  increase  of 
Graminaceous  produce,  equal  to  about  1£  ton  of  dry  substance 
J>er  acre,  which  would  contain  about  12  cwts.  of  carbon. 

6.  The  annual  yield  of  mineral  constituents  in  the  t/wmauured 
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hay-crop  was  nearly  \\  cwt. 
a-half  time  as  much  as  was  conl 
when  unmanured, 

7,  By  means  of  mineral  manure  alone ^  or  a\ 
the  annual  yield  of  mineral  matter  in  the  hay-crop  was  raised  to 
about  2  cwts.  per  acre  \  and  by  mineral  and  nitrogenous  manure 
combined^  to  about  4  cwts.  per  acre* 

8,  It  is  particularly  in  potash ,  that  the  Iwynrop  is  more  ex- 
haustive of  soil -constituents,  than  either  wheat  or  barley. 

9,  Owing  to  the  comparatively  large  amount  of  mineral  eon* 
stihtents  taken  from  the  land  in  the  hay-crop — to  the  less  regular 
return  of  them  by  the  home  manures — and  to  the  leas  exposure  of 
the  soil  in  the  case  of  meadow-land— more  special  attention  is 
required  to  prevent  its  practical  exhaustion  of  soU-constituetiU, 
than  in  the  case  of  aralite^taiim-land* 

10,  The  annual  yield  of  nitrogen  per  acre  was,  in  the  unmamwd 
hay-crop,  nearly  40  lbs.  This  is  from  one-third  to  one-half  vwrt 
than  was  annually  obtained  in  unm-anured  wkmt  or  hurley* 

1 1 ,  The  hay  grown  by  mineral  manures  alone ,  yielded  con* 
siiL-rably  more  nitrogen  per  tic w  tlmn  that  grown  t*>t£A0tltljMM* 
The  increased  amount  wag  due  to  an  increased  growth  of  the 
ISijinmnoi't,  ;md  not  of  the  Gramuwmw*  li^r3»:i<j,^ 

12,  Nitrogenous  mawurM  lions  (ammonium-salts  and  nitrate 
of  soda)  gave  au  inn^n^  of  nitrogon  in  the  produce  i\\un\  tn  L^nly 
about  one-fourth  of  that  supplied  in  the  manure. 

13,  Mineral  and  nitrogenous  manures  e&mhined  gave  an 
creased  produce  of  nitrogen  equal  to  from  -IT.  to  50  [u*r  c *nt .  <  i 
the  nitrogen  supplied  in  the  manure.  Whmt  and  barley,  antk 
similar  circumstances,  gave  an  increased  produce  of  nitrog*n 
equal  to  rather  more  than  40  per  cent,  of  that  supplied  io  ^ 
manure.  The  rather  more  favourable  result  with  the  hoy-cry1 15 
not  more  than  is  probably  attributable  to  the  more  complete  dis- 
tribution of  the  under-ground  feeders  of  the  crop, 

14,  In  the  case  of  the  mmulotthgrasscs,  as  in  that  of  tha  Gf^ 
naceons  plants  grown  in  rotation,  the  growth  was  much  i 
by  direct  nitrogenous  manures;  and,  in  both  cases,  from  50  to  0y 
per  cent,  of  the  supjdied  nitrogen  remained  unreeovered  in 
the  immediate,  or  the  closely-succeeding  increase  of  crop. 


Part  II I. — Description  of  Plants  developed  by 

Manures. 

Perhaps  the  most  remarkable  and  interesting  of  the  effect*  * 

the  different  descrii 


of  which  the  experi 
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varying  degree  in  which  they  respectively  developed  the  different 
kinds  of  plants. 

Allusion  has  already  frequently  been  made,  in  a  cursory  way, 
to  the  greater  development  of  the  Leguminous  herbage  by  purely 
mineral  manures,  and  to  that  of  the  Graminaceous  plants,  or 
natural  grasses  commonly  so-called,  by  characteristically  nitro- 
genous manures.  In  fact,  the  plots  had  each  so  distinctive  a 
character  in  regard  to  the  prevalence  of  different  plants,  that  the 
experimental  ground  looked  almost  as  much  as  if  it  were  devoted 
to  trials  with  different  seeds  as  with  different  manures.  So 
striking  and  characteristic,  indeed,  were  the  effects  produced 
in  this  respect,  that,  in  1857  and  1858,  the  subject  was  thought 
of  sufficient  interest  to  induce  us  to  request  the  examination 
of  the  plots  by  Professor  Henfrey,  to  which  he  kindly  assented. 

An  endeavour  was  also  made  in  the  second  year,  1857,  to  sepa- 
rate, and  determine,  the  proportion  of  the  different  plants  in  care- 
fully averaged  and  weighed  samples,  taken  from  the  several  plots 
as  soon  as  the  grass  was  cut.  Taking  advantage  of  the  expe- 
rience gained  in  this  first  trial,  the  separations  have  been  carried 
out  more  carefully  in  the  case  of  the  produce  on  some  of  the 
most  important  plots  in  the  third  season,  1858.  The  results  of 
these  separations  are  recorded  in  detail  in  Table  IX.,  pp.  46-7, 
and  in  a  summary  form  in  Table  X.,  p.  48 ;  and  it  is  the  con- 
sideration of  those  results  that  will  constitute  the  subject  of  this 
Third  Part  of  our  Report. 

The  mode  of  proceeding  in  making  the  separations  and  esti- 
mations may  be  shortly  explained.    As  soon  as  the  grass  on  a 
plot  was  cut  down,  samples  were  taken  from  many  parts  of  it. 
These  were  carefully  intermixed  in  such  manner  as  to  shake  out 
lis  little  seed  as  possible ;  and  then,  from  the  whole,  a  certain 
quantity  was  weighed  out  to  be  further  operated  upon.  Charac- 
teristic specimens  of  each  of  the  plants  in  flower  or  seed,  or  in 
other  conditions  in  which  they  could  be  recognised,  were  then 
©elected  as  types  ;  and  a  number  of  boys  were  set  to  pick  from 
the  weighed  sample,  all  they  could  find  to  correspond  with  these 
types.    The  remainder  consisted  chiefly  of  detached  foliage,  and 
rmdeveloped  stems,  which  was  then  separated  into  four  or  five 
different  lots,  according  to  types  selected  to  the  best  of  our 
judgment.    Each  weighed  sample  was  thus  divided  into  from 
fifteen  to  twenty  different  descriptions  of  herbage.    The  weight 
f^f  each  of  the  selected  portions  was  afterwards  taken — all  in  an 
^qnal  condition  of  dryness.    The  weights  so  obtained,  of  the 
Respective  grasses,  or  other  plants,  or  parts  of  plants,  in  the  ori- 
ginal weighed  sample  from  the  plot,  were  then  calculated  into  their 
;percentage  relation  to  the  collective  weight  of  the  whole  of  the 
separated  portions  in  their  partially  dried  state.  It  is  the  result* 


1 1  Ropovl  o/*  Exj&ffiVflftrCiii$  with  diffcroyvi  Afctmires 


so  obtained  that  are  recorded  in  the  Tables.    It  should  be  i 
tioaed,  that  we  are  indebted  to  Dr.  Evan  Pugh,  of  Pennsyl  va 
for  the  superintendence  of  the  Botanical  part  of  the  inquiry. 

It  will  be  obvious*  that  abso! ute  exactness  in  the  deterini nation 
of  the  proportions  in  which  the  different  plants  really  occurred 
on  the  respective  plots,  would  be  extremely  difficult  to  attain.  If 
the  bilk  of  the  sample  taken  were  bo  large  as  to  exclude  all  pos- 
sible doubt  of  its  being  a  fair  average  of  the  whole  produce,  the 
labour  of  tho  separations  would  be  so  great  as  to  be  almost  im- 
practicable. There  is,  however,  no  doubt  that  the  Tables  do,  in 
the  main,  very  closely  represent  the  facts.  They  do  &o,  at  any 
rate,  quite  sufficiently  to  bring  very  strikingly  to  view  the  m*jst 
characteristic  and  important  distinctions  that  were  observed  to 
be  developed. 

In  the  respective  columns  of  the  Table  of  detail  (IX,)  are 

given : — 

1st.    The  Botanical  names  of  the  plants. 

2nd.  The  Common  or  English  nam-^ 

3rd .   Th  e  percentage  pm ptHnyn  ?  o  f  each  pi  an  t ,  Ste, ,  on  *0mft 

of  th©  most  important  of  the  experimental  plots, 
4th.   Notes  taken  on  a  comparative  examination  of  tb 

specimens. 

The  plots  selected  for  the  Botanical  analysis  of  their  proJo^ 
were  : — 

Plot    1.  Unmanured, 
Plot  4.  With  am moni  u m-sn  1  ts  alone* 
Plot   8.  With  the  "  mixed  mineral  manure  14  *  ah>ne. 
Plot  10,  With  the  "mixed  mineral  manure/*  and  arm"* 
ni  urn-salts* 

Plot  13.  With  the  *4  mixed  mineral  manure  m  and  the  ilonH* 

q  u  ant i  ty  of  anim  ontu  ni-sal  t  s . 
Plot  16.  With  farmyard  manure. 
Plot  17,  With  farmyard  manure  and  ammonicmi-ea!ts, 

The  separated  plants  are  classified  into  : — 

1st.  Graminaceous  herbage  (Grasses  commonly  so  callow)' 

in  culm,  beano g  Uower  or  seed. 
2nd.  Graminaceous  herbage,  detached  leaf  and  uude^P**1 

stem. 

3rd,  Leguminous  herbage. 

4th.  Miscellaneous  herbage,  chiefly  weeds. 

Within  each  of  these  c lasses ,  the  plants  are  flfcur  i 

Table,  in  the  order  in  which  they  rtepoctivtty  m  ,rr 
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yroportion  on  the  unmanured  plot  The  comparison  of  the  figures 
n  the  column  relating  to  any  particular  manured  plot,  with  those 
•elating  to  the  unmanured,  thus  shows  at  once,  the  deviation  from 
ihe  standard  result  which  is  induced  by  the  manure  in  question, 
[>oth  as  regards  the  order  as  to  quantity,  and  the  actual  numerical 
proportion,  in  which  the  different  descriptions  of  herbage  were 
found  to  be  developed. 

In  addition  to  the  above  explanation,  it  will  be  an  useful  further 
preliminary  to  the  discussion  of  the  effects  of  the  different 
manures,  to  make  a  few  remarks  on  the  general  character  of  the 
herbage  of  the  experimental  meadow. 

In  the  third  season  (1858),  to  which  our  Table  of  separations 
refers,  there  was  no  Dactylis  glomerata  (Rough  Cock's-foot),  no 
Poa  pratensis  (Smoothed-stalked  Meadow-grass),  no  Bromus  mollis 
(Soft  Brome-grass),  and  no  Avena pratensis  (Meadow  Oat-grass), 
detected  in  the  produce  of  the  unmanured  plot.  The  Rough 
Cock's-foot  and  Smooth-stalked  Meadow-grass  occurred,  how- 
ever, on  some  of  the  manured  plots;  and  each  in  large  proportion 
under  certain  conditions  of  manuring.  But  the  Soft  Brome-grass, 
and  Meadow  Oat-grass,  occurred  in  very  few  cases  at  all,  and 
then  in  very  small  quantity.  There  was,  too,  a  striking  absence, 
on  all  the  plots,  of  several  esteemed  permanent  meadow-grasses. 
Thus  Alopecurus  pratensis  (Meadow  Foxtail),  Festuca  pratense 
(Meadow  Fescue),  F.  duriuscula  (Hard  Fescue),  Phleum  pratense 
(Meadow  Cat's-tail),  and  Poa  trivialis  (Rough-stalked  Meadow- 
grass),  were  not  found  in  our  list  at  all  in  the  third  season,  1858. 
The  Meadow  Fox-tail,  the  Meadow  Cat's-tail,  and  a  Fescue- 
grass  were,  however,  each  observed  on  one  or  more  of  the  plots 
in  1857. 

Attention  may  now  be  directed  to  the  comparative  develop- 
ment of  each  of  the  plants  according  to  the  manure  employed, 
taking  each  seriatim,  in  the  order  in  which  it  predominated  on 
the  unmanured  land.  A  short  statement  of  the  reputed  charac- 
of  each,  as  to  its  adaptation  to  local  conditions,  and  as  to  its 
"ecognised  agricultural  value,  will,  at  the  same  time,  be  given.* 
^ke  comparative  development  of  the  different  Graminaceous 
^ants  will  be  first  considered.  The  records  relating  to  these  are 
?Vei*  in  the  two  upper  Divisions  of  the  Table  (IX.)  ;  those  in 
J*e  first  refer  to  the  plants  in  culm,  and  those  in  the  second  to 
ae  leafy  and  indeterminate  Graminaceous  produce. 

>  *  See  on  these  points,  Lawson's  '  Synopsis  of  Vegetable  Products,'  &c. ; 

**y*nder's  '  Prise  Report/  Journal  of  the  Royal  Agricultural  Society  of  Eng- 
Vol.  v.,  part  ii. ;  Professor  Buckman's  Papers,  Journal  of  the  Royal  Agri- 
^  Society  of  England,  vol.  xv.,  p.  462,  vol.  xvii.,  p.  162,  and  vol.  xvii., 

Y  "IB ;  Donaldson  '  On  Manures  and  Grasses ; '  and  Morton's  *  Cyclopaedia  of 

^Wculune.' 
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Serbage  developed,  according  to  the  Manure  employed.    3rd  Season,  1868. 
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TABLE  X.— Summary  of  the  facts 
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I.  Graminaceous  Heebage. 
1. — Lolium  jpere&iw— Common  Itye-Graxs* 

Tliis  grass  is  reputed  to  be  suitable  to  a  great  variety  iif 
soils,  but  to  vary  very  much  in  character  according  to  tctfenif-l 
conditions.    It  is  easily  propagated,  is  luxuriant  and  Baocufoiti 
and  yields  an  earlier  feed  than  most  other  grasses.  It  is  rrh- 
by  stock,  yields  good  hay.  and  is,  in  factt  one  of  the  most 
rally  useful  of  grasses.    It  flowers  in  June  and  July. 

The  grass  Laving  these  reputed  characters  stands  at  Un  M*l 
of  the  list  as  to  quantity  in  culm,  not  only  on  the  uuai&n&ftd 
plot,  but  on  several  of  the  others  also.  What  proportion  of  th* 
detached  leaf  and  undt  mlq  *d  stew  p  tM  the  different  plots,  belonged 
to  this  grass,  we  were  not  able  to  determine.  In  the  eondit 
flowering  or  seeding  stem,  the  produce  without  manure  coottiiwd 
IC'8  per  cent  of  it,  that  by  purely  mineral  manures  2;J'4prr 
cent-,  that  by  ammonium -salts  alone  1  17  per  cent.,  that  bytftf 
"mixed  mineral  manure"  and  -l-OOlba.  of  HBUDoniuni-.^lr^ 
per  cent+I  and  that  by  the  u  mixed  mineral  raanun*  "and  HW 
of  ammonium-salts  only  121  per  cent,  of  it.  Against  tins*1  pn*" 
portions  of  flowering  and  seeding  Lolium,  on  the  unmtuitim)  ^ 
artificially  manured  plots,  the  produce  by  the  form-yard  mm^ 
contained  20  per  cent,  of  it,  and  that  by  the  farm-yuri)  :' 
and  ammonium-salts 
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owering  and  seeding  stem,  according  to  manure,  is  as  follows : — 
"he  proportion  of  it  in  the  total  produce  was  considerably  in- 
reased  by  the  "  mixed  mineral  manures  "  alone,  by  the  "  mixed 
lineral  manures  "  and  the  smaller  amount  of  ammonium-salts, 
nd  by  the  farm-yard  manure  alone.  On  the  other  hand,  its  propor- 
ion  was  diminished  whenever  the  ammonium-salts  were  used  in 
elative  excess;  that  is,  when  the  ammonium-salts  were  used 
lone,  when  they  were  used  (with  the  mineral  manures)  in  double 
uantity,  and  when  they  were  employed  in  addition  to  the  farm- 
ard  manure.  When  the  ammonium-salts  were  used  alone,  the 
►roportion  of  Graminaceous  leaf  and  undeveloped  stem  was  very 
tigh ;  when  those  salts  were  used  in  excessive  amount  with  the 
nineral  manures,  the  proportion  of  two  other  grasses  (the  Woolly 
oft-grass  and  the  Rough  Cock's-foot)  predominated  over  that  of 
he  Rye-grass  ;  and  when  the  ammonium-salts  were  used  in  ad- 
lition  to  farm-yard  manure,  three  other  plants  (Woolly  soft-grass, 
?all  Oat-like  grass,  and  Smooth-stalked  Meadow-grass)  seemed 
o  gain  upon  the  Rye-grass  in  degree  of  luxuriance. 

Before  passing  to  the  next  plant  on  the  list,  a  few  remarks 
nay  be  appropriately  made,  which  have  a  bearing  not  only  on 
he  interpretation  of  the  results  just  given,  but  on  that  of  those 
rhich  have  to  follow.  It  must  not  be  supposed,  that  figures 
rhich  represent  the  proportion  of  flowering  and  seeding  stem  of 
k  certain  plant  at  one  given  period  of  the  season,  are  at  the  same 
ime  accurate  indications  of  the  relative  development  of  the  total 
>lant  under  the  conditions  in  question.  It  must  be  borne  in 
nind,  that  the  numerous  plants  which  constitute  the  complex 
lerbage  of  our  meadows,  have  each  their  natural  period  of  flower- 
ng  and  seeding.  This  period  will,  however,  be  accelerated  or 
x>stponed,  as  the  case  may  be,  by  the  external  circumstances  of 
oil,  season,  manure,  and  the  association  with  other  plants. 
3eneral  observation  shows,  that  nitrogenous  manures  have  a 
sharacteristic  tendency  to  increase  the  development  of  leaves  and 
ihoots  in  our  Graminaceous  herbage.  Mineral  manures,  on  tho 
)ther  hand,  induce  much  more  the  seeding  tendency.  With  full 
supplies  of  mineral  manures,  therefore,  we  should  expect  (other 
editions  beiug  favourable)  that  there  would  be  a  larger  pro- 
X)rtion  of  the  growing  plant  in  culm,  at  a  given  period,  than 
vhen  ammonia  was  supplied  in  relative  excess.  The  general 
■esult  was,  indeed,  that  the  proportion  of  the  total  Graminaceous 
)lants  which  was  in  culm,  was  the  greater  where  the  mineral 
upplies  predominated,  and  the  proportion  in  leaf  and  unde- 
veloped stem  the  greater  when  ammonium-salts  predominated, 
lence,  the  effect  of  a  manure  on  the  development  of  the  total 
ilant,  cannot  be  determined  unconditionally  by  the  proportion 
bund  in  flowering  and  seeding  stem. 
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The  evidence  is,  nevertheless,  sufficiently  clear,  that  the  bulky, 
luxuriant,  and  generally  useful  Rye-grass,  was  considerably  de- 
veloped by  high  artificial  manuring,  when  this  supplied  a  suffici- 
ency of  mineral  constituents,  and  a  pretty  full,  but  not  excessive, 
amount  of  nitrogen.  But  when  ammonium-salts  were  used  in 
addition  to  farm-yard  manure,  the  proportion  of  the  Bye-grass 
appeared  to  be  diminished.  It  will  be  afterwards  seen,  that  this 
result  was  due  to  the  fact,  that  two  other  grasses  (Tall  Oat-like 
grass,  and  Smooth-stalked  Meadow-grass),  which  occurred  either 
in  comparatively  small  proportion,  or  not  at  all,  on  the  other 
plots,  were  very  considerably  developed  by  the  farm-yard  manure. 

2. — Holcus  lanatus — Woolly  Soft-Grass,  or  Yorkshire  Fog. 

This  grass  is  said  to  be  natural  to  damp  and  peaty  soils ;  to 
give  a  considerable  amount  of  after-math,  but  not  to  be  liked 
by  cattle  either  when  green  or  in  hay,  being  too  soft,  spongy, 
and  insipid.  In  fact,  some  consider  it  as  almost  a  weed.  It  is 
further  said,  to  usurp  the  land  in  sandy  soils,  not  to  be  reduced 
by  cultivation,  and  to  have  the  tendency  to  banish  the  artificial 
grasses.    It  flowers  in  July. 

Such  are  the  characters  of  the  grass  which  was  found  second  in 
amount  among  those  in  culm,  on  the  unmanured  land.  It  oc- 
curred, however,  in  larger  proportion  still  on  some  of  the  manured 
plots.  A  considerable  proportion  of  the  leafy  produce  was  also 
referred  to  this  plant.  The  Woolly  soft-grass,  in  the  condition  of 
flowering  and  seeding  stem,  constituted  14  per  cent,  of  the  pro- 
duce without  manure,  6*9  per  cent,  of  that  by  mineral  manures 
alone,  14  4  per  cent,  of  that  by  ammonium-salts  alone,  32'6  per 
cent,  of  that  by  the  mineral  manures  and  400  lbs.  per  acre  of 
ammonium-salts,  and  26*4  per  cent,  of  that  by  the  mineral 
manures  and  tbe  800  lbs.  of  ammonium-salts.  Lastly,  in  the 
produce  by  farm-yard  manure  alone,  the  proportion  was  only 
10  7  per  cent.,  and  in  that  by  farm-yard  manure  and  ammonium- 
salts  19  9  per  cent. 

The  general  result  was,  that  the  proportion  of  the  Woolly  soft- 
grass  was  very  much  increased  by  nitrogenous  manures.  The 
effect  was  the  more  apparent  when  the  leafy  portion  of  the  pro- 
duce attributed  to  this  plant  was  taken  into  the  calculation.  In 
fact,  it  is  those  artificial  manures  which  developed  the  largest 
proportions  of  total  Graminaceous  herbage,  that  yielded  the 
largest  amounts  of  this  grass.  It  amounted,  culm  and  leaf  to- 
gether, to  more  than  a  quarter  of  the  total  produce  when  ammo- 
nium-salts were  used  alone,  to  nearly  40  per  cent,  of  it  when  the 
mineral  manures  and  the  400  lbs.  of  ammonium-salts  were  em- 
ployed, and  to  more  than  40  per  cent,  of  the  total  produce  when 
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the  mineral  manures  and  the  800  lbs.  of  ammonium-salts  were 
used.  The  proportion  of  the  whole  which  was  in  the  condition 
of  leaf  and  undeveloped  stem,  was  much  the  greatest  where  the 
ammonium-salts  were  in  relative  excess ;  that  is  to  say,  when 
those  salts  were  either  used  alone,  or  in  the  double  quantity  with 
the  mineral  manures.  Where  farm-yard  manure  was  employed 
the  Woolly  soft-grass,  like  the  Rye-grass,  as  mentioned  above, 
appeared  to  be  somewhat  displaced  in  its  proportion  by  the  pre- 
dominance of  two  other  grasses  (Oat-like  grass,  and  Smooth- 
stalked  meadow  grass),  to  which  further  reference  will  be  made 
presently.  Still,  by  the  addition  of  ammonium-salts  even  to 
farm-yard  manure,  the  proportion  of  the  Woolly  soft-grass  was 
considerably  increased. 

This  Woolly  soft-grass,  and  the  Rye-grass  together,  constituted 
about  one-third  of  the  total  produce  without  manure ;  they  to- 
gether made  up  more  than  two-thirds  of  that  by  the  mineral 
manures  and  the  smaller  amount  of  ammonium-salts ;  and  more 
than  half  of  that  by  the  mineral  manures  and  double  amount  of 
ammonium-salts.*  Upon  the  whole,  it  appears  that,  although 
the  Rye-grass  is  much  increased  by  nitrogenous  manures,  the 
Woolly  soft-grass  is  even  more  characteristically  so ;  the  latter, 
at  the  same  time,  seems  less  dependent  on  a  coincidently  liberal 
supply  of  mineral  constituents.  So  far,  therefore,  as  the  relative 
developmeot  of  these  two  plants  is  concerned,  the  character  of 
the  herbage  would  be  the  better  when  the  supply  of  nitrogen  in 
the  manure  was  not  excessive,  and  that  of  mineral  constituents 
liberal. 

It  is  quite  consistent  with  the  character  given  to  the  Woolly 
soft-grass — namely,  that  it  tends  to  usurp  the  land  and  is  not 
reduced  by  cultivation — that  the  manures  which  give  the  greatest 
increase  in  the  produce  of  hay  should  give  so  large  a  proportion 
of  this  ill-reputed  element.    If,  indeed,  this  grass  be  really  so 
objectionable  as  it  has  been  stated  to  be,  it  would  appear  to  be 
Very  desirable  carefully  to  exclude  it  from  the  seed  in  laying 
down  grass-land  ;•  otherwise — soil  and  other  circumstances  being 
adapted  to  its  growth — the  higher  the  manuring,  and  the  larger 
the  crop,  the  greater  will  be  the  proportion  in  it  of  this  ill-famed 
plant. 

3. — Arrhcenatherum  avenaceiim — Fibrous-rooted,  tall  Oat-like 

Grass. 

The  reputed  characters  of  this  grass  are,  that  it  yields  a  con- 
siderable quantity  of  foliage  on  the  culms,  which  affords  a  good 

•  Under  this  very  excessive  manuring,  the  Rye-grass  appeared  to  be  some- 
what displaced  in  its  proportion  by  the  rough  Cock's- foot,  which  on  that  plot, 
^.nd  on  that  alone,  was  very  luxuriant. 
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deal  of  leafy  feed  in  the  spring.  It  is  said  to  reproduce  rapidly 
after  cutting.  Its  taste  is  rather  bitter,  but  it  is  not  disliked  by 
cattle.  It  does  not  grow  abundantly  except  upon  poor  soils,  and 
is  upon  the  whole  of  somewhat  questionable  value ;  it  is,  how- 
ever, much  grown  in  France.    Its  time  of  flowering  is  May. 

This  grass  (in  culm,  &c.)  stood  third  in  amount  on  the  un- 
manured  land ;  it  there  constituted,  however,  only  6  per  cent,  of 
the  total  produce.  Purely  mineral  manures  raised  its  proportion 
to  9  per  cent.  Ammonium-salts,  on  the  other  hand,  whether 
alone  or  in  admixture  with  the  mineral  manures,  seemed  adverse 
to  its  predominance.  Its  proportion  with  such  manures  (see 
Plots  4, 10,  and  13)  was  less  than  on  the  unman ured  land.  With 
farmyard  manure,  as  with  mineral  manures,  the  proportion  of 
the  Oat-like  grass  was,  as  already  alluded  to,  considerably  in- 
creased. In  fact,  when  the  farmyard  manure  was  used  alone, 
the  proportion  of  this  grass  in  the  total  produce  was  more  than 
double ;  and  when  with  the  addition  of  ammonium-salts,  about 
three  times  as  great  as  it  was  on  the  unmanured  plot. 

The  general  conclusion  to  be  drawn  regarding  the  relative 
development  of  this  grass,  when  grown  in  a  mixed  herbage,  would 
seem  to  be,  that,  with  high  artificial  manuring  of  the  kind 
that  meadow-land  is  most  likely  to  receive,  it  would  not  by 
such  means  alone  be  increased,  but  more  probably  diminished 
in  its  proportion  in.  the  total  produce.  But  when  farmyard 
manure  is  liberally  used,  or  the  soil  is  comparatively  rich  in 
mineral  constituents,  its  development  would  appear  to  be  en- 
couraged. The  result  may  be  due,  either  to  the  special  adapta- 
tion of  rich  mineral  manuring  to  the  luxuriant  development  of 
this  grass,  or  to  the  fact  that,  with  highly  nitrogenous  manures, 
its  growth  is  somewhat  checked  by  the  greater  luxuriance  of  the 
freer-growing  grasses. 

4. — Anthoxanthum  odoratum — Sweet-scented  Vernal  Grass. 

It  is  to  the  presence  of  this  grass  that  the  peculiar  fragrance 
of  newly-made  hay  is  due.  Its  foliage  is  broad  and  coarse,  bnt 
the  plant  is  a  scanty  grower,  though  most  luxuriant  on  wet  soils. 
It  is  not  relished  by  cattle,  but  is  not  objected  to  in  small  pro- 
portion; it  is  said  to  be  best  adapted  for  sheep.  Upon  the 
whole  this  grass  takes  rank  somewhat  low  in  the  scale  of  the 
better  grasses  for  permanent  purposes.  It  flowers  early,  namely, 
in  April  and  May. 

Our  separations  showed  5*  percent,  of  the  Sweet-scented  Vernal- 
grass  (in  culm),  in  the  produce  of  the  unmanured  land.  There 
was  only  one  other  instance — namely,  that  where  mineral  manures 
wore  used  alone — in  which  the  proportion  amounted  to  1  per 
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cent.  The  highly  nitrogenous  artificial  manures  appeared  to  be 
very  adverse  to  its  growth,  nor  did  it  succeed  much  better  with 
farm-yard  manure.  As,  however,  this  grass  is  a  very  early  one, 
it  is  possible  that,  at  the  time  of  cutting,  some  of  it  would  be  past 
the  stage  at  which  it  would  be  recognised  in  our  samples. 

The  general  result  was,  that  the  growth  of  the  Sweet-scented 
Vernal-grass  was  much  discouraged  by  such  manures  as  greatly 
increased  the  amount  and  proportion  of  the  Graminaceous  hay- 
plants  as  a  whole.  Whether  this  is  of  consequence  in  any  other 
point  of  view  than  that  of  fragrance,  and  whether  in  this  one  it 
is  of  real  practical  importance,  is,  perhaps,  a  question. 

5. — Agrostis  vulgaris — Common,  or  Creeping-rooted  Bent-Grass, 
or  Blade-switch,  &c. 

This  grass  is  said  to  flourish  most  on  dry  soils,  to  be  a  trouble- 
some weed  on  arable  land,  to  be  disliked  by  cattle,  and  also  by 
sheep,  excepting  sometimes  in  winter.  It  is,  in  fact,  reputed  as 
useless,  and  is  recommended  to  be  discouraged  as  much  as 
possible.    The  time  of  flowering  is  May. 

This  grass  amounted,  in  culm,  to  nearly  5  per  cent,  in  the 
produce  without  manure.  The  proportion  was,  however,  very 
much  reduced  under  every  one  of  the  manured  conditions.  This 
result  is  certainly  not  to  be  regretted,  if  the  characters  of  the 
grass  are  fairly  given,  as  above.  However,  the  detached  leaf 
and  undeveloped  stem  set  down  in  the  Table  as  "  middling,"  was 
supposed  to  consist  chiefly,  and  that  set  down  as  "  coarse  "  more 
or  less,  of  Bent-grass ;  and  if  this  estimate  be  correct,  it  would 
appear,  that  there  was  a  considerable  proportion  of  this  grass  in 
this  undeveloped  condition  on  most  of  the  plots ;  though  it 
would  be  least  in  amount  where  either  the  farm-yard  manure  or 
the  mixtures  of  mineral  manure  and  ammonium-salts  were  em- 
ployed. Fortunately,  then,  a  grass  having  such  a  bad  character 
as  is  attributed  to  the  creeping-rooted  Bent-grass  seems  to  meet 
"with  the  desired  discouragement  in  those  manures  which  develop 
more  freely  its  more  valuable  congeners. 

6. — Briza  media — Common  Quaking-Crass. 

This  grass  is  reputed  to  thrive  best  on  poor  soils,  to  afford  a 
email  yield,  not  to  be  liked  by  cattle,  and  to  be  discouraged  by 
manuring.    It  flowers  in  June. 

The  Quaking-grass  amounted  to  2  per  cent,  in  the  sample  of 
'the  produce  from  the  unmanured  land.  It  was  only  found  in 
tiwo  cases  in  the  manured  produce,  and  then  in  even  less  pro- 
portion than  in  the  unmanured.  In  the  most  highly-manured 
produce  none  whatever  of  it  was  to  be  found.  The  reduction 
m  entire  exclusion  by  manuring,  is  consistent  with  tha  <&aa*Ktet 
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of  this  grass  as  given  above.  It  would  seem,  therefore, 
not  likely  to  be  troublesome  on  good  land,  and  that  it  " 

expulsion  by  good  manuring. 

7. — Cynosurus  erkiatus — Crested  Bogs-tail  Grass, 

This  grass  is  said  to  have  a  wide  range  of  soils,  to  grow 
dry,  damp,  and  even  irrigated  lands,  and  to  vary  in  ch 
accordingly.  The  opinions  given  respecting  its  value  are  some- 
what conflicting.  Some  authorities  consider  its  root-leave?, 
which  are  comparatively  abundant,  to  be  a  favourable  food  for 
sheep,  and  that  it  is  useful  on  soils  and  in  seasons  when  other 
grasses  are  deficient.  The  stems  seem,  however,  not  to  be  eaten 
at  all ;  and  the  more  recent  opinions,  especially  those  of  Pro- 
fessor Buckman,  are  quite  against  its  utility.  It  is  said,  how- 
ever, to  be  better  for  pasture  than  for  hay ;  but  as  its  character 
is  to  die  out  by  improvement,  its  perhaps  now  established  in* 
feriority  need  not  be  much  regretted.  The  time  of  flowering  is 
June  and  July, 

This  crested  Dog's-tail  grass  stood  lowest  of  any  among  tlio 
grasses,  in  the  scale  of  quantity  on  the  unmanuml  lamb  It 
there  amounted,  in  culm,  to  only  1  per  cent,  of  the  total  produce. 
It  was  found  In  the  manured  produce  in  less  proportion  still, 
especially  where  ammonium-salts  were  used*  It  would  appear, 
therefore,  that  where  such  manuring  is  employed  as  greatly  in- 
creases the  produce  of  hay,  there  will  be  little  or  no  tie  of  uui 
doubtfully  useful  element. 

S,—Dactj/tts  gbmeraJtu — Rvugh  Cod?&-FooL 
The  Rough  CockVfoot  is  said  to  be  very  abundant  and  pro- 
ductive on  good  soils,  particularly  on  those  of  a  clayey  unturc 
and  to  be  much  improved  by  cultivation.  It  grows  well  in  roo^ 
and  shady  places,  has  broad  foliage,  ia  tufty,  and  reprodaort 
rapidly  after  cutting.  All  stock  like  it,  but  particularly  si^p> 
early  in  the  season,  before  it  has  become  hard  and  coarse,  I* 
time  of  flowering  is  June  and  July, 

Of  this  grass,  in  the  condition  of  flowering  and  seeding  stem* 
none  whatever  was  found  in  the  sam  pie  taken  from  the  in  i    1 " 
plot ;  none  in  that  from  the  mineral  manured  plot ;  and  none 
that,  from  either  of  the  plots  man  a  red  with  farm -yard  ttM  ure. 
would  appear,  however,  from  the  notes  made  by  Professor  H«nft*J 
on  the  growing  crop  of  1867,  as  well  ns  from  1 1 1 
partial  separations  made  by  ourselves  when  the  crop  of  thai 
was  cut,  that  the  Rough  CockVfoot  was  far  more  pmbtjuEia^ 111 
the  second  than  in  the  third  year  of  the  experiment.    The  ti# 
ditions  of  growth  ^ 
third  year,  are  < 
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conditions  mentioned  above.  It  was  found  to  the  amount  of  less 
than  2  per  cent,  (in  flowering  and  seeding  stem)  in  the  sample 
grown  by  ammonium-salts  alone,  in  less  than  1£  per  cent,  in 
that  by  the  same  amount  of  ammonium-salts  with  mineral 
manures  in  addition,  but  to  the  extent  of  20  per  cent,  when  the 
double  or  excessive  amount  of  ammonium-salts,  together  with 
the  mineral  manures,  were  employed.  Where  this  very  large 
proportion  of  Rough  Cock's-foot  was  found  in  the  produce  of 
1858,  it  was  set  down  by  Professor  Henfrey  in  1857,  as  "  very 
fine,"  "  abundant,"  and  "  ripe,"  and  in  the  other  cases  as  "  back- 
ward." Consistently  with  this  order  of  development  of  this  plant 
according  to  manuring,  we  find  a  very  small  proportion  of  that 
leafy  produce  (the  coarse)  which  was  estimated  to  contain  Cock's- 
foot,  where  the  amount  in  flowering  and  seeding  stem  was  so 
large,  but  more  where  the  amount  in  flowering  and  seeding  stem 
was  only  small.  There  was  the  most  of  it  where  the  ammonium- 
salts  were  used  alone ;  and  it  was  in  the  sample  of  "  coarse  " 
leafy  produce  grown  by  that  manure,  that  Professor  Henfrey 
concluded  there  was  the  most  of  the  Cock's-foot. 

It  appears  that  characteristically  nitrogenous  manures  are 
favourable  to  the  predominance  of  the  Rough  Cock's-foot.  Where 
the  supply  of  nitrogen  is  only  moderate,  it  would  appear  to  be 
outgrown  and  overpowered  by  the  Rye-grass  and  Woolly  soft- 
grass.  It,  in  its  turn,  appears  to  overpower,  particularly  the 
Rye-grass,  when  the  nitrogenous  manure  is  very  abundant.  And, 
tinder  the  same  conditions,  it  seems  to  reduce,  and  almost  to  ex- 
clude, several  of  the  grasses  of  less  value,  and  of  less  free  growth. 
Thus,  when  the  Cock's-foot  was  so  abundant,  there  was  less  of 
the  Oat-like  grass  found  than  on  any  of  the  other  plots,  no  Sweet- 
ecented  Vernal-grass,  very  little  creeping  Bent-grass,  no  Quaking- 
grass,  and  scarcely  any  crested  Dog's-tail.  The  reputed  charac- 
ters of  the  Rough  Cock's-foot  given  above,  are  consistent  with 
this  luxuriant  growth  under  high  manuring,  and  with  this  ap- 
parent tendency  to  push  out  other  plants  by  its  own  active 
vegetation.  The  Cock's-foot  also  affords  an  example  of  a  useful 
grass  much  developed  by  those  manures  which  yield  a  great 
bulk  of  total  produce. 

9. — Poa  pratensis — Smooth-stalked  Meadow  Grass. 

The  Poa  pratensis  is  said  to  be  rather  particular  in  its  choice 
of  situation,  not  to  relish  damp  soils,  but  to  thrive  well  in  good 
and  rather  dry  ones.  It  grows  tuftily,  and  is  said  to  have  the 
tendency  to  banish  other  grasses.  Its  character  is  to  yield  a 
good  early  feed,  and  a  free-growing  and  hardy  after-grass.  It 
flowers  in  May  and  June. 

This  grass  was  found  only  in  the  samples  of  the  produce 
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grown  by  farm -yard  manure.    In  these,  however*  its  proportion 
was  very  considerable,  amounting  to  about  1 5  per  cent,  of  the 
whole  where  the  farm-yard  manure  was  used  alone,  but  to  only 
10  per  cent,  where  the  farm -yard  manure  and  ammonium-salts 
were  used  together.    From  our  records  relating  to  the  produce 
of  the  second  season,  it  appears  that  this  Smooth-etalked  Meadow- 
grass  was  detected  on  more  of  the  plots  in  that  season  than  in 
the  third.    Still,  even  then,  it  was  found  in  very  much  larger 
proportion  in  the  produce  grown  by  farm-yard  manure  than  in 
that  by  any  of  the  other  manures.    This  very  marked  develop- 
ment almost  exclusively  by  farm-yard  manure  might  lead  to  tie 
conclusion,  that  part  of  the  result  was  due  to  seed  brought  \:>\*>u 
the  land  by  the  dung,    But  that  the  character  of  the  manure,  ii 
such ,  had  much  to  do  with  the  effect,  would  seem  from  the  fact, 
that  the  proportion  of  the  Smooth-stalked  Meadow-grass  W 
considerably  reduced  when  ammonium-salts  were  used  in  addi- 
tion to  farm-yard  manure. 

It  would  appear  t  hat  the  Smooth-stalked  Meadow-grass  is  ptf- 
ticular  in  the  choice  of  manure  as  well  as  situation,  and  that 
artificial  nitrogenous  manures  are  either  directly  obnoxious  toitf 
or  cause  it  to  be  pushed  out  by  those  grasses  whose  luxuriance 
is  greatly  stimulated  by  such  manures.  Nor  was  this  per- 
ceptibly favoured  in  its  growth  by  purely  mineral  manures,  h 
might  be  supposed,  therefore,  that  the  carbonaceous  nrg&fltt 
matter  of  the  farm-yard  manure  had  something  to  do  witutho 
greatly  increased  development  of  the  plant  under  the  inftueocn 
of  that  manure.  This  greatly  increased  development  uf  ^ 
Smooth-stalked  Meadow-grass  under  the  influence  of  farm-v^ 
manure  appeared  to  be  chiefly  at  the  cost  of  the  Woolly  soft-j 
— an  exchange  not  at  all  to  be  regretted.  The  Oat-like  grass 
another  grass  much  more  valuable  than  the  Woolly  soft-gra5sttia 
proportion  of  which  was  much  increased  by  farm-yard  manure 
Thin  manure  was  seen,  therefore,  to  develop  two  better  grass** 
at  the  expense  of  a  worse  one.  But  it  is  to  be  regretted,  that  # 
useful  a  grass  as  the  Smooth-stalked  Meadow- grass  should  app*^ 
to  be  St*  nearly  excluded  under  the  influence  of  those  so-odj^ 
artificial  manures,  which  are  practically  the  most  useful 
creasing  the  produce  of  (iraiijinaceous  hay, 


s 

ass  is 


10,—Bromm  moUis—Soft  or  Downy  Brom*yGra*s. 

This  grass  is  described  as  a  common  weed  in  grites-tnml* 
seed  of  which  should  be  carefully  excluded  when  sewing 
It  is  said  to  be  innutritions,  and  even  injurious  to  some  amD|ftJ-4 

It  flowers  earlv  in  the  season,  but,  after  cutting,  < 
the  after-grass,    It  is  found  most  in  poor  exhausted 

With  such 
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to  be  regretted  that  it  was  found  in  only  one  of  our  samples,  and 
there  in  very  small  proportion.  Professor  Henfrey  was,  however, 
of  opinion  that  its  leaf  occurred  in  a  few  of  the  samples  of  the 
"  coarse  "  leafy  produce. 

11. — Avena  pratensis — Meadow  Oat-Grass. 

This  grass  is  best  adapted  to  dry  heathy  places.  It  is  of 
doubtful  feeding  value,  though  conflicting  opinions  are  given 
respecting  it.  But,  as  it  is  said  to  be  soon  got  rid  of  by  good 
cultivation,  it  s  qualities  are  perhaps  not  of  much  consequence.  It 
is  the  last  on  our  list  of  flowering  and  seeding  Graminaceous  plants. 
It  was  found  in  the  samples  from  three  only  of  the  seven  plots, 
and  in  those  in  but  insignificant  amount.  The  largest  quantity 
was  found  in  the  sample  grown  by  the  mixture  of  mineral 
manure  and  the  excessive  amount  of  ammonium-salts. 

There  are  two  other  items  to  be  briefly  noticed  before  closing 
this  seriatim  account  of  the  different  descriptions  of  Graminaceous 
herbage  found  in  the  produce  of  the  respective  plots. 

The  proportion  of  the  leafy  produce  set  down  in  the  Table  as 
"fine"  varied  extremely  according  to  the  manuring.  It  was 
very  large  where  the  ammonium-salts  were  used  alone;  and 
moderately  so  on  the  other  plots  where  the  total  produce  was  not 
very  large ;  but  very  small  in  the  samples  from  the  heaviest  crops. 
We  were  quite  unable  to  determine  with  any  certainty  to  what 
plant  or  plants  this  "fine"  leafy  matter  was  to  be  referred. 
Professor  Henfrey  was,  however,  of  opinion  that  some  at  least 
belonged  to  Festuca  Bromoides,  or  Barren  Fescue-grass. 

"  Dead  leaf  and  stem  "  is  the  last  item  in  the  list  of  Gramina- 
ceous produce.  Contrary  to  the  fine  leaf,  this  worthless  dead 
matter  occurred  in  very  far  the  largest  proportion  where  the 
artificial  manuring  was  the  highest,  and  the  crops  were  the 
heaviest.  Where  the  mineral  manure  and  excessive  amount  of 
ammonium-salts  were  employed,  this  damaged  portion  of  the 
produce  amounted  to  nearly  12  per  cent,  of  the  whole;  and 
where  the  mineral  manure  and  the  more  moderate  amount  of 
ammonium-salts  were  supplied,  to  7  per  cent.  Here,  then,  is 
experimental  evidence  showing  a  practical  disadvantage  in 
manuring  so  highly  as  to  cause  the  crop  to  fall  and  die  at  the 
bottom  before  the  bulk  is  fit  for  cutting. 

II.  Leguminous  Herbage. 

In  the  second  season,  1857,  four  descriptions  of  Leguminous 
plant  were  distinguished  on  the  experimental  plots.  These  were 
Lathyrus  pratensis  (Yellow  or  Meadow  Vetchling)  ;  Lotus  cornice- 
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lat-as  (Common  Bird  s-foot  Trefoil) ;  Trifoiium  pmtenw 
(Perennial  Red  Clover) ;  and  TrifoRum  mtfli  (White  or  Dutch 
Clover).  In  the  third  season,  1858,  very  little  of  the  last  men- 
tioned plant  (Dutch  clover)  was  observed  on  any  of  the  ploti ; 
and  the  three  other  Leguminous  plants  seemed  to  be  confined  to 
fewer  plots  than  formerly.  Their  limitation  or  extension,  accord- 
ing to  manuring,  is  very  striking ;  and  it  is  to  the  decree  and 
conditionsof  their  distribution  ,  that  attention  is  now  to  I 
The  results  relating  to  these  points  are  given  in  the  third 
sion  of  Table  IX, 

l^Lntliijt'ttsi  pi-oteims — Yelhw  or  Itfeadow  Vekh-h 

This  plant  is  described  to  grow  naturally  on  either  mo 
dry  soils,  but  generally  on  such  as  are  of  good  quality. 
P'Ti"r:Llly  .-nl  it  wit]]  avidity;  and  hence  it      rWdlllBieiided  l° 1 
grown  on  very  dry  aoils.    The  creeping  nature  of  its  roots  i 
it  for  growth  in  rotation,  but  not  so  much  for  permanent  roe 
It  flowers  in  July, 

The  Meadow  Vetchling  occurred  in  rather  larger  prop 
than  either  of  the  other  Leguminous  plants  on  the  uninanu 
land.    It  there  amounted,  however,  to  only  2  per  cent,  of  1 
total  produce.     On  the  mineral  manured  plot  its  prop 
raised  to      per  cent,  *  and  on  the  plot  with  ammoniu 
alone,  there  were  about  2 J-  per  cent.    In  the  produce  by  th 
mineral  manure  and  ammonium-salts  together,  none  of  this  pla 
wih  uli-iTwd.    The  produce  by  farm-yard  manure  RttVl  MWtti 
2  per  cent.,  and  that  by  farm-yard  manure  and  ammoniu 
little  more  than  1  per  cent,  of  the  Meadow  Vetchling, 

2— Lotus  eornictdaUi$~CmM^  Trefoil 

This  plant  is  said  to  grow  abundantly  on  dry  elevated 
and  heathy  soils ;  and  to  be  well  deserving  of  cultivation  on 
dr}^  elevated  inferior  soils,  on  which  it  will  yield  a  greatei 
of  herbage  than  any  of  the  cultivated  clovers.    It  is  supposed 
be  highly  nutritious,  and  is  eaten  with  avidity  by  cattle, 
the  great  depths  to  which  its  roots  penetrate,  it  is  not  liable  to 
injured  by  drought,  and  is  hence  enabled  to  retain  iU 
after  the  grasses  and  other  plants  are  burnt  up.    It  ~ 
June  to  August. 

The  BirdVfoot  Trefoil  was  found  in  the  produce  of  only 
of  the  experimental  plots,  namely,  the  unvianurvd,  and 
mvnsralrmamired  ones, 

3. — Trifoiium  prateme  jyeremie — Perennial  Bed  Cflor^r. 

There  are  several 
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perennial  Red  Clover  or  Cow-grass.  They  are  too  well  known  to 
werj  farmer  to  require  description  here. 

Perennial  Red  Clover  amounted  to  little  more  than  1  per  cent. 
yf  the  total  produce  on  the  unmanured  land,  but  to  nearly  18  per 
sent,  of  that  grown  by  mineral  manures  alone.  Not  any  of  it 
wras  found  in  the  produce  by  either  ammonium-salts  alone,  or 
ammonium-salts  in  conjunction  with  mineral  manures.  There 
was  little  more  than  1^  per  cent,  of  it  in  the  produce  by  farm- 
yard manure  alone,  and  less  than  £  per  cent,  in  that  by  farm- 
yard manure  and  ammonium-salts. 

The  proportion  of  total  Leguminous  Herbage  found  in  the  pro- 
duce of  the  unmanured  plot,  was  about  5  per  cent.  This  was 
made  up  of  two  parts  Meadow  Vetchling,  rather  less  than  two  parts 
Bird's-foot  Trefoil,  and  rather  more  than  one  part  Perennial  Red 
Clover.  The  produce  by  mineral  manures  alone  was  estimated  to 
contain  about  23  per  cent,  of  Leguminous  herbage,  or  about  4£ 
fcimes  as  high  a  proportion  as  that  grown  without  manure.  These 
23  parts  comprised  about  4£  parts  Meadow  Vetchling,  about  £  a 
part  of  Bird's-foot  Trefoil,  and  about  18  parts  of  Perennial  Red 
Dlover=15  times  as  much  as  was  found  of  it  in  the  unmanured 
produce.  The  ammonium-salts  alone,  reduced  the  proportion  of 
total  Leguminous  plant  to  little  more  than  2  per  cent,  in  the  pro- 
luce,  and  then  it  consisted  entirely  of  Meadow  Vetchling :  the 
Bird's-foot  Trefoil  and  the  Perennial  Red  Clover  being  apparently 
extirpated.  And,  in  the  produce  by  mineral  manures  and 
zmmonium-salts  together,  not  any  Leguminous  plant  was  to  be 
found.  The  farm-yard  manure  produce  contained  less  than  4  per 
sent,  of  Leguminous  plant,  which  consisted  of  nearly  equal  parts 
Meadow  Vetchling  and  Perennial  Red  Clover,  to  the  exclusion  of 
the  Bird's-foot  Trefoil.  The  addition  of  ammonium-salts  to  farm- 
yard manure,  reduced  the  proportion  of  Leguminous  herbage  to 
ibout  one-half.  There  was  still  no  Bird's-foot  Trefoil ;  and  the 
Perennial  Red  Clover,  as  before,  gave  way  more  than  the  Meadow 
Vetchling  under  the  influence  of  the  ammonium-salts. 

III.  Miscellaneous  Herbage,  chiefly  Weeds. 

The  fourth  Division  of  the  Table  shows,  that  there  were  nine 
lescriptions  of  these  questionably  useful,  or  even  objectionable 
slants,  detected  in  the  samples  from  the  experimental  plots. 
!)nly  seven  of  them  were  found  together  on  the  unmanured  land, 
md  a  smaller  number  still  on  each  of  the  manured  plots.  A  few 
"emarks  will  be  made  upon  the  characters,  and  conditions  of 
incurrence,  of  these  several  plants,  taking  them  in  the  order 
in  which  they  occurred  in  the  largest  proportion  on  the  un- 
manured land. 
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1. — Plantago  lanceolata — Rib-grass  or  Plantain. 

This  plant  is  reputed  to  yield  an  herbage  which,  early  in  the 
season,  is  eaten  by  cattle,  horses,  and  sheep ;  but  which  is  dis- 
liked by  them  as  the  season  advances.  It  is  also  objectionable 
on  account  of  its  spreading  leaves,  which  tend  to  exclude  other 
plants.  It  is  natural  to  dry  pastures.  It  flowers  in  June  and  July. 

Nearly  16  per  cent,  of  the  produce  without  manure  consisted 
of  Miscellaneous  Weedy  Herbage.  This  comprised  seven  descrip- 
tions of  plant,  yet  nearly  11  out  of  the  16  parts  consisted 
of  the  Rib-grass.  None  of  it  was  found  in  the  produce  grown 
by  mineral  manures  alone  ;  scarcely  any  in  that  by  ammonium- 
salts  alone ;  less  still  in  that  by  the  same  amount  of  ammonium- 
salts  and  the  mineral  manures ;  and  none  at  all  in  that  by  the 
double  amount  of  ammonium-salts  and  the  mineral  manures. 
On  the  farm-yard  manure  plot  less  than  2  per  cent,  of  the  total 
produce,  or  only  about  one-sixth  as  much  as  on  the  unmanured 
land,  consisted  of  the  Rib-grass.  The  addition  of  ammonium- 
salts  to  the  farm-yard  manure,  however,  greatly  increased  the 
proportion  of  Rib-grass  in  the  produce — namely,  to  8^  per  cent. 

It  appears,  then,  that  the  Rib-grass,  which  was  so  prominent 
an  item  on  the  unmanured  land,  was  greatly  reduced  in  its  pro- 
portion by  farm-yard  manure  and  ammonium-salts ;  still  more  by 
farm-yard  manure  alone;  and  nearly  or  entirely  excluded  by 
those  artificial  manures  which  increase  the  most  the  total  produce 
of  hay,  and  especially  that  of  the  Graminaceous  herbage. 

2. — Carum  carui — Common  Caraway. 

This  plant,  though  second  in  amount  among  the  Miscellaneous 
Weedy  Herbage  on  the  unmanured  land,  amounted  there  to  less 
than  2  per  cent,  of  the  total  produce,  and  to  about  the  same  pro- 
portion in  the  produce  of  the  two  farm-yard  manure  plots.  It  was 
much  diminished  in  its  proportion,  or  excluded  altogether,  by 
the  purely-artificial  manures,  especially  when  ammonium-salts 
were  in  relative  excess. 

3. — Achillea  millefolium — Common  Yarrow  or  Milfoil. 

The  Milfoil  is  stated  to  be  a  grateful  element  in  small  admix- 
ture with  other  herbage  for  sheep  ;  and  it  is  recommended,  there- 
fore, to  be  sown  with  other  seed  for  permanent  sheep-pasture. 

The  Milfoil  was  found  to  the  amount  of  somewhat  more  than 
1  per  cent,  in  the  produce  without  manure.  Its  proportion  was 
much  diminished  by  farm-yard  manure  alone,  mineral  manure 
alone,  and  the  mixtures  of  the  mineral  manure  and  ammonium- 
salts.  Where  the  larger  amount  of  ammonium-salts  was  used 
(with  mineral  manure)  both  the  proportion  and  the  actual 
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amount  of  this  plant  were  considerably  greater  than  where  the 
smaller  amount  was  employed  with  the  mineral  manures.  Con- 
sistently with  this  effect  of  ammonium-salts,  the  proportion  of 
the  Milfoil  was  very  much  increased  by  the  addition  of  these  salts 
to  farm-yard  manure ;  and  it  was  the  greatest — in  fact,  then  nearly 
three  times  as  great  as  without  manure — where  the  ammonium- 
salts  were  used  alone. 

If  the  characters  of  the  Milfoil  as  sheep-food  be  such  as  above- 
described,  it  need  not  perhaps  be  much  regretted  that  its 
growth  seems  to  be  favoured  by  nitrogenous  manures. 

4. — Rumex  acetosa — Sheejps-sorrel  or  Bock. 

This  plant  is  undoubtedly  objectionable.  Unfortunately,  how- 
ever, it,  as  well  as  the  Milfoil  or  Yarrow,  was  found  in  the  pro- 
duce of  every  plot ;  and,  like  the  latter,  it  was  increased  in  its 
growth  by  the  use  of  ammonium-salts.  It  was  more  or  less 
increased  by  these  salts  in  whatever  combination  they  were 
employed.  Farm-yard  manure  alone  also  notably  increased  the 
proportion  of  the  Dock  in  the  produce  ;  but  farm-yard  manure 
and  ammonium-salts  together  increased  it  still  more.  With 
the  latter  combination  the  Dock  amounted  to  more  than  3  per 
cent,  of  the  produce.  As  this  obnoxious  plant  seems  to  be 
favoured  in  its  growth  by  manuring,  its  expulsion  must  be 
attained  by  other  means. 

The  remaining  five  plants  that  were  detected  in  the  samples 
are,  without  doubt,  useless,  if  not  obnoxious.  They  were  each 
found,  however,  only  on  a  few  of  the  plots,  and  generally  in  but 
insignificant  proportion. 

5. — Silene,  or  Catch-fly, 

was  found  in  the  unmanured  produce  only,  and  there  to  the 
extent  of  little  more  than  £  per  cent. 

6. — Ranunculus — Crow-foot  (various  species). 

These  plants  were  found  in  small  quantity  in  the  produce  from 
the  unmanured  plot;  in  larger  proportion  in  that  grown  by 
ammonium-salts  alone;  and  in  larger  proportion  still  on  the 
two  plots  with  farm-yard  manure.  Their  growth  was,  how- 
ever, very  much  discouraged  by  the  most  productive  artificial 
manures. 

7. — Luzula  Carrvpestris — Field  Wood-rush. 

This  rush  was  found  only  in  the  sample  from  the  unmanured 
land,  and  there  in  very  insignificant  amount. 
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8.— Veronica  chamcedrys — Germander  Speedwell — 

was  found  only  in  the  produce  by  mineral  manures  alone,  and  by 
farm-yard  manure  alone  ;  and  in  both  cases  in  very  small  amount. 

9. — Galium  verum — Common  Yellow-flowered  Bed-straw, 
or  Cheese-rennet. 

This  plant  was  only  found  in  the  sample  grown  by  the  mixed 
mineral  manure  in  conjunction  with  the  lesser  quantity  of  ammo- 
nium-salts. 

It  is  possible  that  there  were  some  other  plants  that  either  did 
not  come  within  the  reach  of  the  scythe,  or  were  otherwise 
excluded  from  our  samples  or  determinations.  Nor  are  the  exact 
numerical  proportions  set  down  in  the  Table,  to  be  considered, 
either  within  this  or  the  other  classes  of  plants,  as  anything 
more  than  approximations.  Such,  however,  they  undoubtedly 
are;  and  the  facts  brought  out  regarding  the  distribution, 
and  development,  of  Miscellaneous  Weedy  Herbage,  according 
to  manure,  are  very  clear  and  striking. 

From  this  examination  the  very  satisfactory  result  appears, 
that  by  far  the  larger  number  of  the  obnoxious  or  comparatively- 
useless  plants  occurred  in  the  produce  of  the  unmanured  land. 
Taken  collectively,  too,  their  proportion  was  there  very  moch 
larger  than  under  any  of  the  other  conditions,  excepting  the  one 
where  the  farm -yard  manure  and  ammonium-salts  were  used 
together.  It  was  chiefly  the  Rib-grass,  and  the  Sheep's-sorrel  or 
Dock,  that  were  encouraged  by  this  latter  manuring.  The  farm- 
yard manure  alone  gave  a  larger  proportion  of  Weedy  Herbage 
than  any  of  the  artificial  manures ;  but  not  half  as  much  as  either 
the  unmanured  land,  or  that  manured  by  farm-yard  manure  and 
ammonium-salts.  On  all  the  artificially-manured  plots  the 
numtwr  of  species  found  was  reduced  to  about  half  that  occurring 
on  the  unmanured  land.  In  fact,  those  artificial  manures  which 
were  the  most  productive ,  not  only  reduced  the  number  of  species 
of  weeds  considerably,  but  reduced  the  proportion  of  the  total  of 
such  produce  to  about  one-tenth  as  much  as  was  developed  with- 
out manure.  It  is  certainly  very  satisfactory  to  find,  that  the  most 
active  artificial  manures  had  the  effect  of  very  greatly  reducing 
the  proportion  of  the  useless  and  obnoxious  plants  in  the  mixed 
herbage  of  the  meadow.  It  is,  on  the  other  hand,  somewhat  dis- 
couraging to  find,  that  the  influence  of  farm-yard  manure,  which 
must  be  relied  upon  for  the  hay-crop  to  a  certain  extent,  was  not 
so  favourable.  It  is  to  be  hoped,  that  the  facts  which  have  been 
adduced  regarding  the  conditions  of  development,  and  the 
amounts,  of  the  Miscellaneous  Weedy  Herbage  on  the  meadow 
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land,  may  fix  on  the  mind  of  the  farmer,  the  clear  idea  which 
the  discussion  of  actual  figures  conveys,  of  the  real  amount  of 
objectionable  produce  which  he  may  frequently  grow,  unless 
proper  means  of  reduction  or.  eradication  be  had  recourse  to. 


Attention  may  now  be  turned  from  the  detailed  consideration 
of  the  circumstances  of  development  of  the  individual  plants,  to 
a  statement  of  the  more  general  character  of  the  herbage  under 
the  different  manurial  conditions.  In  the  Summary  Table  X. 
(p.  48)  are  recorded  the  main  facts  necessary  to  such  a  review  ; 
and  the  most  prominent  results  already  noticed  in  their  place  in 
more  detail,  will  supply  the  remainder. 

1. — Total  Graminaceous  Herbage. 

At  the  time  of  cutting,  76  per  cent,  of  the  produce  without 
manure  consisted  of  Graminaceous  herbage.  At  the  same  period 
of  time,  the  proportion  of  such  herbage  in  the  total  produce  was 
increased  to  about  87$  parts  by  farm-yard  manure  alone,  and  to 
79J  parts  by  farm-yard  manure  together  with  ammonium-salts. 
The  produce  by  mineral  manures  alone  contained  scarcely  72 
per  cent,  of  Graminaceous  herbage ;  4  per  cent,  less,  therefore, 
than  the  produce  without  manure.  On  the  other  hand,  the 
produce  by  4001bs.  of  ammonium-salts  per  acre,  contained 
89  per  cent. ;  that  by  the  same  amount  of  ammonium-salts 
and  mineral  manures,  97£  per  cent. ;  and  that  by  the  double 
amount  of  ammonium-salts  and  the  mineral  manures,  also,  97£ 
per  cent,  of  Graminaceous  herbage. 

But  the  Graminaceous  produce  itself  varied  extremely  in 
character  according  to  the  manure  employed.  At  a  given 
period  of  the  season,  the  Graminaceous  herbage  grown  without 
manure,  consisted  of  66  per  cent,  of  flowering  or  seeding  stem, 
and  34  per  cent,  of  leaf  and  undeveloped  stem.  At  the  same 
period,  the  Graminaceous  produce  by  farm-yard  manure,  com- 
prised nearly  80,  and  that  by  farm-yard  manure  and  ammonium- 
salts,  rather  more  than  80  per  cent  of  culm,  in  flower  or  seed. 
Against  these  amounts  without  manure,  or  by  farm-yard  manure, 
the  Graminaceous -produce  grown  by  the  artificial  manures  alone 
was  composed  as  follows : — That  by  the  mineral  manures  alone 
contained  59  per  cent,  of  flowering  and  seeding  stem ;  that  by 
ammonium-salts  alone,  only  40  per  cent. ;  that  by  the  same 
amount  of  ammonium-salts  and  mineral  manure,  75  per  cent. ; 
and  that  by  the  double  amount  of  ammonium-salts  and  mineral 
manure,  67  per  cent.,  in  flowering  and  seeding  culm. 

The  general  result  is,  that  those  manures  which  much  in- 
creased the  produce  of  hay,  at  the  same  time  very  much  increased 


its  proportion  of  Graminaceous  herbage*     In  fact,  where  the 
largest  crops  were  obtained,  namely,  where  the  tnised  mine- 
ral manure  and  ammonium-salts  were  used  together,  the  pro- 
portion of  the  whole  produce  that  was  Graminaceous  was  more 
than  97  per  cent,,  whilst,  that  without  manure  was  ouly  To"  per 
cent.    The  characteristic  effects  of  nitrogenous  manure*  to  i ti- 
er ea     the  proportion  of  leaves  and  shoots,  and  of  mineral 
manures  to  determine  more  to  flowering  and  seeding,  are  also 
strikingly  illustrated.    It  will  be  obvious,  therefore,  th$t  not 
only  must  the  character  of  the  gross  produce  be  r©qf  differ-  fA 
according  to  the  description  of  manure  employed,  but  that  tfa 
proper  time  of  cutting  must  vary  very  considerably  to  secure  the 
majority  of  the  herbage  at  any  given  point  of  ripene §& 

But  it  has  been  seen,  that  the  Graminaceous  herbage  vnri*J 
much  in  character  according  to  the  manure,  not  only  in  regard  to 
its  proportion  in  the  total  produce,  and  to  the  proportion  of  the 
whole  that  was  leafy  and  stem  my  respectively,  but  also  in  ibfl 
description  or  species  of  plants  developed. 

Under  the  particular  conditions  of  soil,  season,  original  iHltl* 
bution  of  plants,  and  other  circumstances  of  these  experimin  -, 
common  Rye -grass  was  the  most  predominant  of  the  grasses  i» 
the  un manured  produce.  The  inferior  Woolly  soft-grass  occurred 
in  nearly  an  equal  quantity  ;  and  then  succeeded  in  lesser  quau* 
tities,  in  the  order  here  given,  the  tall  Oat-like  grass,  the  Swt«t* 
scented  Vernal -grass,  the  Creeping- rooted  Bent-grass,  the cc^ 
Quaking-grass,  and  the  Crested  Dog's-tail — the  last  in  very  sniall 
amount.  Farm-yard  manure,  which  increased  the  actual  amotfut 
and  proportion  of  total  Graminaceous  herbage,  gave  a  COwftfr 
ably  increased  proportion  of  Rye-grass  and  of  tall  Oat-like  gtm\ 
a  somewhat  diminished  proportion  of  the  Woolly  sonVgrnas; 
st "Lively  any  of  the  other  grasses  found  on  the  unman 
but  a  very  large  amount  of  the  valuable  Smooth- stalked  Meadow 
grass,  which  was  not  found  at  all  in  the  produce  without  man <E» 
The  addition  of  ammonium-salts  to  the  fan  a -yard  manure  di- 
minished the  proport  i<  m  of  tin-  n  s  o  v  a  3 1 1 :  \  M  o  1 1  y  r-  Ln-ur-%  =  1 
Smooth-stalked  Meadow-grass,  but  increased  I  hat  of  the  tail 1 1 
like  grass,  and  that  of  the  inferior  Woolly  soft-grass, 

Leaving  out  of  consideration  here,  those  artificial  manure* 
which  did  not  much  increase  the  total  produce  of  hay,  n;unrk|>< 
the  mixed  mineral  manure  used  alone,  and  the  am 
alone,  the  general  result  with  the  more  active  artificial  &sm*n' 
nations  was  as  follows : — The  mixfcd  mineral  manure  mthjb9 
more  moderate  amount  of  amnion  iiim-s:di*  ^uvt*  nUmt  l\  <• 
as  much  produce  as  the  unman ured  land,  and  the  proponi  'i 
that  was  G  raminaceottS  was  more  than  V  7  ;        i .  \ . .  ■.vIciM"? 
70  per  cent  wii " 
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iceous  produce  contained  twice  as  high  a  proportion  of  both  the 
doable  Rye-grass,  and  the  inferior  Woolly  soft-grass,  as  that  with- 
it  manure.  The  proportion  of  the  Oat-like  grass  was,  on  the 
her  hand,  diminished ;  and,  under  the  same  conditions,  all  the 
iher  grasses  were  either  very  much  reduced,  or  entirely  excluded. 
When  the  double  and  excessive  amount  of  ammonium-salts 
as  employed  (with  the  mineral  manure),  the  produce  was  about 
\  times  as  much  as  on  the  unmanured  land,  and  the  proportion 

■  it  that  was  Graminaceous  was,  as  in  the  last  case  mentioned, 
ore  than  97  per  cent.  This  greatly-increased  Graminaceous 
•oduce,  under  the  influence  of  an  excess  of  ammonium-salts, 
>ntained  a  smaller  proportion  of  the  common  Rye-grass  than 
le  unmanured  hay.  On  the  other  hand,  the  proportion  of  the 
Lferior  Woolly  soft-grass  was  very  much  increased.  There  was, 
loreover,  with  this  manure  a  very  large  proportion  of  Rough 
ock's-foot — a  grass  which  was  found  on  very  few  of  the  other 
lots,  and  then  in  very  small  proportion.  All  the  other  grasses 
ere  either  excluded,  or  much  reduced  in  amount,  under  the 
ifluence  of  this  excessive  manuring. 

2. — Total  Leguminous  Herbage. 

The  proportion  of  Leguminous  herbage  in  the  total  produce 
ithout  manure  was  about  5  per  cent.  Farm-yard  manure  re- 
iiced  the  proportion, but  not  the  acreage  amount,  of  such  produce ; 
td  the  combination  of  farm-yard  manure  and  ammonium-salts, 
jry  considerably  reduced  both  the  actual  amount,  and  proportion, 

■  this  kind  of  herbage.  In  the  produce  by  those  artificial  corn- 
nations  (mineral  manure  and  ammonium-salts),  which  more 
lan  doubled  or  nearly  trebled  the  amount  of  hay,  and  which 
icreased  the  amount  and  proportion  of  the  Graminaceous  herbage 
>  strikingly,  not  a  trace  of  Leguminous  herbage  was  found, 
gain,  ammonium-salts  alone,  which  notably  increased  tlie 
raminaceous  herbage,  almost  excluded  the  Leguminous.  In 
le  produce  with  this  manure,  neither  Bird's-foot  Trefoil  nor 
erennial  Red  Clover  was  found  ;  but  the  Meadow  Vetchling  oc- 
lrred  in  about  the  same  proportion  as  in  the  unmanured  produce, 
n  the  other  hand,  mineral  manures  alone,  which  gave  little  or 
3  increase  of  Graminaceous  produce,  increased  very  strikingly 
3th  the  actual  amount,  and  the  proportion,  of  the  Leguminous 
srbage.  The  proportion  of  total  Leguminous  herbage  in  the 
roduce  by  mineral  manures  alone  was  23  per  cent.,  instead  of 
illy  5  per  cent,  in  that  without  manure.  The  proportion  of  the 
tfitTs-foot  Trefoil  was  diminished  by  the  mineral  manures ;  that 
f  the  Meadow  Vetchling  was  notably  increased  ;  and  that  of  the 
'erennial  Red  Clover  very  considerably  so. 

The  effect  of  mineral  manures  in  developing  a  large  proportion 
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of  Leguminous  herbage,  and  particularly  of  Clover,  was  therefore 
very  striking.  Artificial  nitrogenous  manures,  on  the  other  hand, 
seemed  almost  to  extirpate  such  plants  from  the  mixed  herbage  of 
the  Meadow-land.  These  results  are  perfectly  consistent  with  those 
observed  in  the  manuring  of  Leguminous  crops  (beans,  clover,  &c.) 
when  grown  in  rotation.  Mineral  manures  have  been  found  greatly 
to  increase  such  crops,  whenever  a  good  plant  could  be  once  ob- 
tained and  the  season  was  not  unfavourable.  These  crops,  on  the 
other  hand — so  highly  nitrogenous  both  in  their  percentage  com- 
position, and  in  their  acreage  yield — have  not  been  found  to  be 
specially  benefited  by  the  direct  use  of  ammonium-salts ;  though 
nitrate  of  soda  appears  somewhat  more  favourable  to  their  growth. 

The  general  coincidence  in  the  results  obtained  in  regard  to  the 
action  of  characteristic  descriptions  of  manure,  on  the  agricultural 
plants  included  within  each  of  these  two  great  families  (the 
Graminaceae  and  the  Leguminoeae),  whether  they  be  grown  separ 
rately  and  in  alternation,  or  side  by  side  in  a  mixed  herbage,  is 
very  striking.  Such  a  coincidence,  under  such  very  varied  con- 
ditions, must  show,  that  the  result  is  really  due  to  the  plants  of 
the  respective  families  requiring  for  their  luxuriant  growth  a 
widely  different  relation  of  the  mineral  and  nitrogenous  supplies, 
respectively,  within  tlie  soil.  It  cannot,  under  such  circumstances, 
be  attributed  to  mere  local  peculiarities,  or  to  the  mere  acci- 
dental conditions  of  exhaustion  induced  by  this  or  that  agri- 
cultural practice.  We  have,  then,  in  the  facts  observed  in 
regard  to  the  action  of  characteristic  descriptions  of  manure  in 
developing  the  different  plants  of  which  the  mixed  herbage  of  a 
meadow  is  made  up,  an  unexpected,  and  very  interesting  confir- 
mation, of  those  which  have  been  established  in  regard  to  the 
development  of  the  widely  different  plants  which  are  grown  in 
rotation,.  Such  a  coincidence  must  tend  to  inspire  confidence  in 
the  conclusions  arrived  at  in  each  of  the  widely  different,  and 
separately  interesting,  paths  of  inquiry. 

3. — Total  Miscellaneous  Herbage  (chiefly  Weeds). 

These  plants  were  the  most  numerous  in  kind,  and  nearly  in 
the  greatest  proportion,  on  the  unmanured  land.  The  produce 
without  manure  contained  nearly  16,  that  grown  by  farm-yard 
manure  and  ammonium-salts  more  than  16,  and  that  by  farm- 
yard manure  alone  7  per  cent.,  of  Miscellaneous  or  Weedy  Herbage. 
In  the  produce  without  manure,  about  two-thirds  of  the  amount 
of  such  herbage  was  Plantain  or  Rib-grass ;  and  in  that  by  the 
farm-yard  manure  and  ammonium-salts  about  the  same  propor- 
tian  of  the  whole  consisted  of  Rib-grass  and  Sheep's  Sorrel  or 
Dock  together,  the  former  in  the  larger,  and  the  latter  in  the 
smaller  quantity.    On  the  other  hand,  the  produce  grown  by 
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those  artificial  manures  which  gave  the  largest  crops  of  hay, 
contained  less  than  2  per  cent.,  and  a  very  few  species,  of 
Miscellaneous  Weedy  Herbage. 

So  much  then  for  the  results  of  this  enquiry  into  the  compara- 
tive development  of  the  different  plants  of  which  the  complex 
herbage  of  a  Meadow  is  made  up,  according  to  the  manure 
employed.  The  subject  has  been  treated  of  with  much  more  of 
system  and  detail  than  would  otherwise  have  been  necessary, 
inasmuch  as,  so  far  as  we  are  aware,  this  is  the  first  attempt  that 
has  been  made,  to  trace  the  influence  of  special  manures  upon 
the  individual  plants  of  a  complex  herbage. 

It  must  not  be  concluded,  however,  that  the  degree  in  which  a 
particular  description  of  manure  develops  any  particular  plant, 
when  it  is  thus  grown  side  by  side  with  many  others,  is  necessarily 
the  same,  either  actually  or  relatively  to  those  beside  it,  that  it 
would  be,  were  each  plant  grown  separately,  with  such  manure. 
The  natural  habit  of  a  plant,  its  relative  stage  of  progress  at  the 
different  periods  of  the  season,  and  its  range  of  distribution  both 
above  and  under  ground  accordingly,  must  indirectly  affect  the 
degree  of  luxuriance  of  the  other  plants  associated  with  it.  But, 
as  it  is  in  this  collective  way,  that  the  various  plants  are  grown 
in  our  permanent  meadows,  it  is  the  action  of  different  manures 
upon  their  development  under  these  complex  conditions,  that  is 
of  the  most  interest  to  the  farmer. 

Again,  the  conditions  of  soil,  situation,  season,  and  of  the 
original  distribution  and  predominance  of  the  respective  plants, 
must,  to  agreat  extent,  affect  their  relative  development  by  different 
manures,  when  they  are  thus  grown  side  by  side.  There  is,  more- 
over, evidence  in  the  general  observations  made,  or  notes  recorded, 
on  the  produce  of  the  first  two  years  in  the  experiments  now  in 
question,  that  there  has  been  a  }rrogression  from  year  to  year,  in 
the  greater  development  of  some  plants,  and  in  the  reduction,  or 
even  exclusion,  of  others,  the  conditions  of  manuring  remaining 
the  same.  It  would  appear,  indeed,  that  great  caution  should  be 
exercised  in  the  application  of  artificial  manures  to  good  feeding 
pastures,  lest  the  effect  should  be,  to  increase  the  growth  of  certain 
grasses  of  inferior  quality,  and  to  diminish  or  exclude  those  to 
which  the  high  feeding  value  is  attributable. 

It  is  obviously  very  important,  not  only  that  the  progressive 
action  of  the  different  manures  should  be  carefully  investigated 
for  years  to  come,  in  the  case  of  the  experiments  on  the  Rotham- 
sted  Meadow-land,  but  that  experiments  of  a  similar  kind  should 
be  conducted  by  others,  in  different  localities,  and  on  different 
descriptions  of  soil.  So  far  as  our  own  part  in  the  matter  is  con- 
cerned, we  hope  to  follow  up  a  subject  which  seems  fraught  wvt\v 
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eo  much  interest  both  in  a  practical  and  scientific  point  of  view 
And  we  trustr  that  others  will  be  found  to  lend  their  aid,  in 
extending  information  in  this  important  and  hitherto  untrodden 

field  of  inquiry. 

From  a  review  of  the  whole  of  the  facta  adduced  in  this  Third 
Part  of  our  Report,  it  would  appear ; — 

L  That,  however  the  produce  of  hay  bo  considerably  increased 
— whether  by  means  of  farm-yard  manure  alone,  farm-vard 
manure  and  ammonium -salts,  or  artificial  mixtures  of  suitable 
mineral  manure  and  ammonium-Baits— the  proportion  of  the 
whole  which  will  be  Graminaceous,  will  be  very  much  increased 

2.  That  the  produce  will  be  by  far  the  most  Graminaceowwhen 
the  il  artificial  mixtures"  are  employed-  In  fact,  when  the  in- 
crease of  hay  is  obtained  by  artificial  manures  containing  hetk 
the  necessary  minora  f  <-ffiistLhayttl<  ami  arnaiotnum^afh^and  it-i* 
then  greater  than  under  any  of  the  other  conditions— both  tin* 
Leijmumuus  and  theWeedy  Herbage  are  nearly  excluded,  and  ll* 
produce  is  then,  therefore,  almost  wholly  Graminaceous, 

3.  That  the  Gmmina&QUB  produce  itself  \  when  grown  by /tow- 
yard  manure,  is  less  complex  in  character  than  that  grown  wtik&d 
manure ;  whilst  that  grown  by  the  most  active  artificiai  imiwmt 
is  less  complex  stilL 

4.  That,  up  to  an  equal  period  of  the  season,  the  ftramimosm 
produce  grown  by  the  active  artificial  manure*,  will  be  in  tariff 
proportion  in  flowering  and  seeding  stem,  than  that  grown  wW* 
out  ma jt ttn;;  and  that  the  produce  grown  hyfarm^yard  mmw 
will  be  in  still  larger  proportion  in  that  condition. 

5.  That  ihe  description  of  the  produce  grown  by  fmm$m& 
manure  alone,  was  upon  the  whole,  superior  to  that  grown  toi*" 
out  manure. 

6'.  Tliat  when  the  crop  was  further  increased,  by  the  adttitio* 
of  ammonium-sails  to  the  farm-yard  m&ntsriL  the  character  of  tl* 
produce  was  somewhat  deteriorated,  both  in  regard  to  the  if 
scription  of  the  useful  plants  grown,  and  on  account  of  tbtkfgt 
proportion  of  MumUmamm  or  Weedy  Heritage  then  developed 

7.  That,  when  in  a  mixed  mineral  and  ammoniacal 
ammonium-salts  were  not  used  in  excessive  amount,  the  herhagr* 
which  was  then  almost  exclusively  (rraminacertus,  and  comprised 
also  but  very  few  species,  nevertheless,  included  a  consider*!*!* 
proportion  of  grasses  of  recognised  good  quality,  Hnt, 
excessive  amounts  of  fflnstfflOfft&u  tibialis  war*.*.  ^mpfcafe<ls  the  character 
of  the  produce  was  deteriorated,  both  in  regard  to  its  emd&Q*} 
and  to  the  desmpUon  of  Eli 
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Part  IV. — Chemical  Composition  of  the  Hay. 

Thus  far  it  has  been  shown,  that  the  produce  of  hay  on  permanent 
meadow  land  was  more  than  doubled  by  means  of  manure  alone. 
It  has  also  been  shown,  that  the  description  of  the  produce  grown 
on  the  manured  land  was  very  different  from  that  on  the  un- 
manured ;  and  again,  that  it  was  widely  different  according  to 
the  kind  of  manure  employed.  The  proportions  respectively  of 
the  Graminaceous,  the  Leguminous,  and  the  other  Herbage,  varied 
very  considerably ;  so  also  did  the  kind  and  amount  of  the  several 
plants  comprised  within  each  of  these  main  divisions ;  and  so  also 
did  the  proportions  of  leaf,  stem,  and  seed,  and  the  condition  of 
maturity. 

Now  the  Leguminous  herbage  generally  contains  about  twice 
as  high  a  percentage  of  nitrogen  as  the  Graminaceous.  It  also 
varies  in  composition  in  other  respects.  Leaves,  stems,  and 
seeds,  differ  much  in  composition  from  one  another.  And  again, 
the  degree  of  maturity  of  vegetable  produce  very  much  affects  its 
percentage  amount  of  certain  important  constituents.  It  will  be 
obvious,  therefore,  that  the  composition  of  the  complex  produce 
— hay,  must  vary  very  considerably  when  grown  by  different 
manures. 

The  object  of  this  Fourth  and  last  Part  of  our  Paper  is  to  show 
the  variation  according  to  season,  and  manuring,  in  the  conqiosi- 
tion  of  the  hay  grown  on  the  different  experimental  plots,  the 
particulars  of  the  manuring  and  produce  of  which  have  already 
been  so  fully  considered  in  other  points  of  view. 

In  each  of  the  three  seasons  over  which  the  experiments  have 
extended,  the  percentage  amounts  of  total  dry  substance,  of  mineral 
matter,  and  of  nitrogen,  have  been  determined  in  the  produce 
from  each  of  the  separate  plots.  The  woody-jibre  has  been  deter- 
mined in  the  produce  of  each  of  the  three  years  of  those  plots, 
which,  in  1858,  were  selected  for  the  botanical  separations 
described  in  Part  III.  The  fatty  matter  has  been  estimated  in 
the  produce  of  the  same  plots,  but  in  that  of  the  third  season 
only  (1858).  Lastly,  complete  analyses  of  the  ashes  of  the  pro- 
duce of  five  out  of  the  seven  plots  selected  for  the  botanical 
separations,  and  also  of  the  mixed  ash  of  the  produce  from  all 
the  plots,  for  each  of  the  three  years  separately,  have  been  made. 
The  various  analytical  results  will  now  be  considered  under 
separate  heads. 

1. — Dry  Matter. 

From  each  of  the  experimental  plots,  at  the  time  the  hay  was 
carted,  a  sackful  was  taken,  the  samples  being  gathered  from 
many  parts  of  it.    The  whole  of  each  of  the  specimens  so  taken 
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then  cut  into  chaff  and  well  mixed.  From  the  mixed 
sample  in  this  condition  two  quantities  of  25  ounces  each  were 
weighed,  and  in  both  of  these  the  dry  matter  and  the  mineral 
mailer  were  determined.  Other  samples  were  at  the  same  time 
taken  for  the  determinations  of  nitrogen,  woody-fibre,  &c. 

The  dry  matter ,  which  alone  is  at  present  under  consideration, 
was  determined  by  submitting  the  duplicate  25-ounce  samples, 
for  a  sufficient  length  of  time,  to  a  temperature  of  212°  F.  in 
a  large  water-bath.  The  means  only,  of  the  two  determinations 
in  each  case,  are  given  in  Table  XL  These  will  be  quite  suffi- 
cient for  the  elucidation  of  the  points  to  which  the  results  are 
applicable.  But  the  individual  determinations  are  given  for 
reference  in  Table  I*  in  the  Appendix. 

In  the  lowest  division  of  Table  XT.  are  given  the  m*an 
cent  ages  of  Dry  matter  of  all  the  specimens  for  each  of  the 
seasons.    The  average  percentage  for  all  the  specimens  of  1856 
was  70-3  ;  that  for  1857  was  86-8 ;  and  that  for  1858  was  84'1 
The  mean  percentage  over  the  three  years  together  was  83* 
There  was,  therefore,  a  variation  in  the  average  proportion 
Dry  matter  in  the  bay  of  more  than  7  per  cent.,  according 
season.    The  produce  of  1857  gave  a  very  high>  and  that 
1856  a  very  low  proportion,  of  Dry  substance. 

The  season  of  1856  was?  in  every  respect,  ill  adapted  for  high 
and  dry  condition  of  the  hay.  Accordingly,  analysis  indicates  a 
very  low  percentage  of  Dry  matter  in  the  produce  of  that  season. 
The  seasons  of  both  1 857  and  1 858  were  very  much  better  in 
this  respect.  Of  the  two,  the  produce  of  1857  contained  con- 
siderably the  higher  proportion  of  Dry  matter*  But  a  compara- 
tive examination  of  the  climatic  statistics  of  these  two  seasons 
leads  to  the  conclusion,  that  the  higher  percentage  of  Dry  matter 
in  the  produce  of  1857  is  not  so  much  due  to  the 
during  the  last  two  or  three  weeks  before  cutting,  as  to 
influence  of  climatic  circumstances  somewhat  earlier,  wl 
developed  more  the  seeding  tendency  in  1857  than  in  1858. 

Among  the  percentages  of  Dry  matter  relating  to  the  \ 
of  the  individual  plots,  there  is  not  a  single  instance  that  does 
not  show  the  same  general  relationship  between  the 
of  the  three  seasons  on  this  point,  as  is  indicated  by  the 
results  only  of  each  season. 

Nor  was  there  much  difference  between  t  he  average  proj 
of  Dry  matter  in  the  specimens  of  the  produce  of  each 
taken  at  the  time  of  carting,  and  that  found  in  the  bulk  of  the  1 
from  the  same  (and  adjoining  land)  after  it  had  been  some  time 
in  the  rick.   As  a  check  on  this  point,  samples  were  cut  from  the 
top  to  the  bottom  of  the  ricks  which  contained  the  mbced  prod  a 
both  experimental 
1858  respectively, 


on  Permanent  Meadow  Land. 


71 


CO  o> 
00  00 


tb  ib 

00  00 


r1  & 

oo  ao 


«p  eo  c©  *«• 

^     eo  cb 

00  00  GO  00 


*•      »H  0>  00  00 


CM      *-  CO 

cb  cb 

00  00  X  00 


©  Oft 

CM 

CO  00 


s 


Q 

*» 

C 

a 

3 

sa 

x 


cm  cm  cm  oi  »o 


co  *  aa  co  f 


CM  00         00      00  CO 


«HH  00 

ib     cm  co 

00  00  00  00 


b-  qo  ©  CM 

00  00  00  00 


00  OS 

«b  ib 
ao  ao 


CM  lp  O  CO  CM  ^ 
6  Q  O)  OS  00 

00  00  b-    t>-      t-  t» 


§§§§ 

§189 
•3 


0)  0) 


1--- 

.S.S.S.9- 
T>'8,8'©  ^ 

H  M  M  H  « 

aaaa" 

3    3   5  3 


«*8SS 

©"£©©© 

D  2  D  O  D 
i-f  r*-! 


x$xxx 

.B5.B.2.B 


QDAOH       CM       CO  ^  IO 


cp  qo 

CM  99 
00  00 


CO  b- 

00  00 


CO  CM 
b-  CO 
00  00 


^  oo 

CO 


00  CM 
CO  b- 
00  00 


i.3 
a 
o 

I  a 

.1 

..a 

:s 
.a 

:i 

•i 

•a 

.  03 


j 

:i 

ss 

2  p 

13 
xx 

a  s 
&  3 

co  ao 

c  a 
o  o 


1 


§1 
.11 


a 

© 

,«a 


72  Report  of  Experiments  with  different  Mamma 


The  results  are  given  at  the  foot  of  Table  XI. ;  and  the 
parison  afforded  is  as  follows     The  average  percentage  of  Dry 
matter  in  the  experimental  specimens  of  1857  was  86'8 ;  and  that 
in  the  hay  taken  from  the  rick  of  that  year  (sampled  Dee-  iS"^) 
was  8 7' 2.    Again,  the  average  percentage  of  Dry  matter  in  the 
ex  pen  mental  specimens  of  1858  was  84"  I  ;  and  that  in  the  hay 
from  the  rick  of  that  year  {also  sampled  Dec.  1 858)  was  83'8, 
general  characteristics  of  the  produce  of  the  different 
regard  to  its  percentage  of  Dnj  matter,  are,  therefore,  coi 
represented  in  the  results  given  in  the  Table  in  reference  to 
experimental  specimens. 

The  differences  in  the  percentages  of  Dry  matter  in  tie  hay, 
due  to  different  manuring,  are  by  no  means  so  great  as  those  due 
to  variation  of  season  or  climatic  circumstance.  Still  the  general 
tendency  of  the  influence  of  characteristic  descriptions  of  man  "re 
is  clearly  dinvTiiible,  Tbe  indications  of  the  coincident  com- 
parative conditions  of  the  produce,  according  to  the  manure 
employed,  are  also  consistent. 

Up  to  the  period  at  which  the  crops  were  cut,  the  use  of  <mm* 
iiinmsalts  had  the  almost  invariable  effect  of  giving  a  produce 
which  contained  a  somewhat  lower  proportion  of  Dry  matter,  tJi&n 
that  grown  under  otherwise  exactly  comparable  conditions,  Soch 
is  seen  to  be  pretty  uniformly  the  result^  whether  we  compare 
the  produce  by  ammonium-salts  alone  with  that  without  man tur; 
that  with  ammonium-salts  and  sawdust,  with  that  with  saw- 
dust alone ;  that  with  ammonium -salts  and  mineral 
with  that  by  mineral  manure  alone ;  that  with  ammoni 
sawdust  and  mineral  manure,  with  tfaat  by  sawdust  and 
manure  alone  ;  or  that  with  the  larger  amount  of  amti™ 
salts  and  mineral  manure,  with  that  by  tho  smaller  amoant  ■* 
ammonium-salts  and  the  same  mineral  manure,  A 
result  is  observed  too,  in  two  years  out  of  the  three,  where 
nMiiuiciii-salts  uvre  u^d  in  addition  to  farmyard  manure,    *  . 
results  in  the  Table  which  appear  to  be  exceptional  to  t**5 
generalisation  in  regard  to  the  influence  of  ammonium-nmn^*^. 
upon  the  percentage  of  Dry  matter  of  the  hay  taken  at  a  gH  ^ 
period  of  the  season,  occur  in  some  of  the  cases  with  the 
manures  in  lft-!>7  j  and  in  1856,  in  the  case  where  the 
salts  were  used  in  addition  to  farmyard  manure. 

Ammmiimi-mth  which  have  thus  been  seen,  other  thi 
being  equal,  to  give  a  produce  which  contains  a  coinparatr 
low  percentage  of  Dry  matter,  gave,  it  should  be  rememf 
also  a  much  increased  bulk  and  weight  of  hay  over  a  given  utf 
hence,  even  supposing  that  the  description  of  the  herbage, 
the  condition  of  maturity  of  the  plants,  were  the  same  where 
larger  crops  wi 
ones  without 
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would  dry  somewhat  less,  exposed  to  equal  circumstances  during 
the  making.  But  the  description  of  the  herbage,  and  its  degree 
of  forwardness,  have  been  seen  to  vary  very  much  according  to 
the  manure  employed.  The  produce  grown  by  ammonium-salts 
gave  a  much  larger  proportion  of  Graminaceous  plants  than  that 
grown  without  them.  The  mere  flowering  and  seeding  stems  of 
this  Graminaceous  herbage,  would  contain  a  higher  percentage  of 
Dry  matter  than  the  leaves  and  younger  shoots.  But  besides  the 
detached  leafy  matter,  the  larger  culms  grown  by  the  ammonium- 
salts,  were  themselves  more  luxuriant  and  succulent,  and  carried 
more  green  leaves  and  shoots  than  the  smaller  ones  grown  under 
otherwise  comparable  conditions,  but  without  the  ammonium- 
salts. 

It  is  obvious,  then,  that  the  percentage  of  the  Dry  mutter  in 
such  complex  and  heterogeneous  produce  as  hay,  is  dependent 
on  too  many  coincident  causes,  to  be  of  itself  any  unconditional 
indication  of  the  character,  or  degree  of  maturity,  of  such 
produce. 

The  percentages  of  mineral  matter,  and  of  nitrogen,  in  the  dry 
substance  of  the  hay  grown  by  the  different  manures,  will  be 
some  further  guide  as  to  the  comparative  degrees  of  succulence, 
or  maturity,  of  the  produce  developed  under  the  different  con- 
ditions. 

2.— Total  Mineral  Matter  (Ash). 

The  mineral  matter  was  determined  by  burning  to  ash  the 
portions  of  hay  which  had  been  dried  at  212°  F.,  and  re-weighed 
for  the  determination  of  the  dry  matter.  The  burning  was  con- 
ducted on  sheets  of  platinum  placed  in  cast-iron  muffles,  heated 
by  coke.  Duplicate  determinations  were  always  made.  The 
mean  percentages  only,  of  the  two  determinations,  are  given  in 
Table  XII. ;  and  the  individual  results  are  recorded  for  reference 
in  Tables  II.,  III.,  and  IV.,  in  the  Appendix. 

In  ripened  produce,  such  as  our  crops  of  grain,  the  relations  of 
the  percentages  of  mineral  matter  in  the  dry  substance  in  a 
series  of  comparable  specimens,  are  pretty  clear  indications  of 
the  relative  degrees  of  elaboration  and  ripeness  of  such  produce. 
Other  things  being  equal,  the  smaller  the  percentage  of  Mineral 
matter  in  the  dry  substance,  the  more  highly  elaborated,  or  the 
riper,  is  the  specimen.  The  percentage  of  nitrogen  in  our  ripened 
grain-crops  is  affected  in  a  somewhat  similar  manner.  Other 
things  being  equal,  the  lower  the  percentage  of  Nitrogen  in  the 
dry  substance,  the  higher,  taking  the  average  of  seasons,  will  be 
the  condition  of  maturation  of  the  produce. 

The  like  generalisation  appears  to  be  more  applicable  to  the 
composition  of  the  complex  and  but  partially  ripened  produce — 
hay,  than  would  perhaps  have  been  anticipated. 
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The  hay-season  of  1856  was  wet  and  cold,  and  the  produce  it 
yielded  contained  a  very  low  percentage  of  dry  substance.  The 
hay-seasons  of  1857  and  1858  were,  upon  the  whole,  much  drier 
and  warmer,  and,  accordingly,  the  percentages  of  dry  substance  in 
their  produce  were  much  higher.  Coincidently  with  the  much 
lower  percentage  of  dry  matter  in  the  produce  of  1 856,  there  was 
a  considerably  higher  percentage  of  Mineral  matter  in  the  dry 
substance  of  that  produce  than  in  that  of  either  1857,  or  1858. 
Again,  the  average  percentage  of  dry  substance  in  the  hay  was 
lower  in  the  produce  of  1858  than  in  that  of  1857  ;  and  in 
accordance  with  this,  the  average  percentage  of  Mineral  matter 
in  the  dry  substance  of  the  produce  of  1858,  was  higher  than  in 
that  of  1857.  It  appears  then,  that,  comparing  season  with 
season,  the  general  result  on  this  point  in  regard  to  hay,  is  in 
conformity  with  that  generally  observed  in  the  case  of  more 
equably  ripened  produce.  That  is  to  say,  the  lower  the  con- 
dition of  elaboration  of  the  constituents  of  the  produce,  the  lower 
is  the  percentage  of  the  Dry  substance,  and  the  higher  the  per- 
centage of  the  Mineral  matter  in  that  dry  substance. 

So  much  for  the  results  in  regard  to  the  percentage  of  Mineral 
matter  in  the  hay,  as  affected  by  season.  We  turn  now,  to  the 
influence  of  manuring  on  the  composition  of  the  hay  in  regard 
to  Mineral  matter. 

When  it  is  borne  in  mind — that  the  proportion  of  the  produce 
which  will  consist  of  Graminaceous,  Leguminous,  or  other  herbage, 
— that  the  proportion  of  the  respective  plants  comprised  within 
each  of  these  main  classes — that  the  proportion  of  each  that  will 
be  in  leaf  and  culm  respectively — and  that  the  condition  of  ma- 
turity at  any  given  time — will  vary  very  considerably  according 
to  the  manure  employed,  it  will  be  obvious  that  the  variations  in 
the  percentages  of  Mineral  matter,  due  to  manuring,  will  be  the 
resultants  of  many  coincidently  operating  causes.  On  these 
points  it  may  be  observed — that  the  dry  substance  of  Leguminous 
herbage  contains  on  the  average  about  l^rd  time  as  high  a  per- 
centage of  Mineral  matter  as  that  of  Graminaceous  herbage  ; 
that  the  dry  substance  of  the  leafy  portion  of  the  produce  con- 
tains a  higher  percentage  than  that  of  the  stemmy  portion  ;  and 
lastly,  that  the  riper  the  produce  the  lower  will  be  the  percentage 
of  Mineral  matter  in  the  dry  substance.  But  again,  in  our  green 
and  unripened  produce  more  especially,  the  percentage  of  Mineral 
constituents,  as  well  as  the  actual  amounts  assimilated  over  a 
given  area  of  land,  are  very  much  affected  by  the  deficiency  or 
liberality  of  their  supply,  in  available  form,  within  the  range  of 
collection  of  the  growing  crop. 

The  Table  (XII.)  shows  that  where  no  mineral  manure  was 
employed — and  especially  where  nitrogenous  manures  were  used 
alone,  and  the  production  thus  pushed  to  Vta  e^\>t^m^\\T^^l 
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the  available  supplies  of  the  mineral  constituents  of  the  roil  ifc 
the  percentage  of  Mineral  matter,  in  the  dry  substance  of  the 1 
was  comparatively  low.  A  somewhat  similar  result  baa 
observed  in  the  case  of  grain -crops  grown  under  similar  circum- 
stances. In  illustration  of  the  point  in  regard  to  the  hay,  it  is  &ern 
that,  whilst  the  average  percentage  of  Mineral  matter  in  the  dry 
substance  of  the  specimens  grown  without  mineral  manure  was 
G'91 ,  that  taking  the  average  of  the  cases  where  artificial  mineral 
manure  was  employed,  was  8*GL  It  is  true  that,  in  those  cases 
where  mineral  manure  was  employed  with  ammonium -salt*,  tk 
demnmj  produce  was  somewhat  less  ripe,  and  hence,  so  far,  the  per- 
centage of  Mineral  matter  in  the  dry  substance  would  be  expedwi 
to  be  comparatively  high*  On  the  other  hand,  the  produce  m 
these  eases  was  almost  entirely  Graminaceous,  and  the  Grami- 
naceous produce  itself  contained  a  large  proportion  of  stem  to 
leaf,  and  both  of  these  circumstances  would,  other  things  Mty 
equal,  tend  to  a  low  percentage  of  Mineral  matter  in  the  dry  sub- 
stance, In  fact,  upon  the  whole,  the  evidence  is  pretty  clear, 
that  the  lower  percentage  of  Mineral  matter  in  the  dry  substance 
of  the  produce  grown  without  mineral  manure,  was  due  to  ama- 
tive deficiency  of  available  mineral  constituents  in  the  soil.  The 
direct  influence  of  the  supply  of  mineral  constituents  by  manure 
upon  the  assimilation  of  them  by  this  voracious  crop,  will  I* 
further  illustrated  presently,  when  speaking  of  the  eompotition  °f 
the  ajth  of  the  produce  grown  by  the  different  manures. 

Where  the  mineral  manures  were  used  alonet  more  than  on** 
fifth  of  the  produce  consisted  of  Leguminous  herbage,  Heuc*. 
it  might  be  supposed,  that  the  percentage  of  Mineral  itiatterio 
the  gross  produce,  or  hay,  would  be  higher  than  where  nitofr 
genous  manures  were  also  employed,  and  the  produce  was  aim*** 
entirely  Graminaceous-*     Again,  where  the  mineral  was  Oflfll 
without  the  nitrogenous  manure,  the  proportion  of  tlj-  ft 
naceous  produce  that  was  leafy  was  much  greater  than 
nitrogenous  manures  were  also  used*    This  circumstance,  ip^ 
would  tend  to  a  high  percentage  of  Mineral  matter  in  tliv 
duce  grown  by  the  mineral  manures  alone.    But  the  fact 
that  the  percentage  of  Mineral  matter  in  that  produce 
paratively  low.    The  result  was,  doubtless,  due  to  the  fact,  that- 
a  large  proportion  of  this  produce  by  mineral  man  tire  id*mr- 
was  much  riper  than  that  grown  by  the  mineral  and  nitrot; 
manures  combined- 
It  appears  then,  that  in  the  case  of  the  complex  and  urn 
produce — ftfl.iy,  the  description  of  the  herbage,  th*-  ■  ■!  ■■ 
development,  the  stage  of  progress  at  winch  the  pljtttfl  ar^fj^ 
and  the  supplies  within  the  reach  of  the  growing  crop,  ill 
a  marked  influence  upon  the  percentage  oi  Hi  toubrfa** 
produce.    The  *IWtR  tfi  mwMax*.  in  mft  and  febe 
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n,  upon  this  percentage  are,  therefore,  at  least  complicated, 
&  indirect.  Nor  do  the  relative  percentages  among  a  series 
lecimens  so  clearly  indicate  the  comparative  conditions  of 
•ration  and  maturation  merely,  as  they  generally  do  in  the 
of  professedly  ripened  produce. 

3. — Constituents  of  the  Ash. 

le  influence  of  the  artificial  supply  of  mineral  constituents 
.  the  total  amount  of  them  assimilated  by  the  crop  over  a 
i  area  of  land,  has  been  illustrated  in  Part  II.  of  our  Report, 
influence  of  such  supply  upon  their  percentage  in  the  dry 
tance  of  the  produce  has  now  been  shown.  By  the  aid  of 
jlete  analyses  of  the  ashes  of  the  produce  of  some  of  the  ex- 
nental  plots,  further  light  will  be  thrown  on  the  effects  of  a 
al  provision  of  mineral  constituents  in  the  soil  on  the  mineral 
position  of  the  crop. 

l  the  first  Division  of  Table  XIII.  is  given  the  percentage 
position  of  the  ashes  from  the  produce  of  five  of  the  experi- 
bal  plots ;  in  the  second  Division  of  the  Table  the  amounts  of 
of  the  several  mineral  constituents  in  the  average  annual  total 
uce  per  acre  on  each  of  the  plots ;  and  in  the  third  Division  the 
)ase  in  the  amounts  of  the  several  mineral  constituents  obtained, 
icre,  in  the  crop,  under  the  influence  of  the  different  manures, 
lie  plots  selected  were — the  unmanured  ;  the  one  with  am- 
ium-salts  alone ;  the  one  with  mixed  mineral  manure  alone ; 
with  the  mixed  mineral  manure  and  the  smaller  amount  of 
ionium-salts  ;  and  that  with  the  mixed  mineral  manure  and 
larger,  or  double  amount  of  ammonium-salts.  In  the  case 
ich  of  the  5  plots,  an  equal  mixture  of  the  ash  of  its  produce 
ach  of  the  three  years  was  operated  upon.  In  this  way  the 
■age  effect  of  each  condition  of  manuring  upon  the  mineral 
position  of  the  crop  is  taken  over  a  three-years'  continuance 
lat  condition. 

he  ash-analyses  were  made  in  the  Rotbamsted  laboratory,  by 
Robert  Warington,  jun. ;  and  we  are  glad  to  take  this  oppor- 
ty  of  expressingour  full  confidence  intheaccuracy  of  his  results, 
he  facts  which  the  figures  in  the  Table  disclose  are  very  in- 
Bting.  But  our  comments  on  them  must  be  very  brief,  and 
onfined  to  their  practical  bearings. 

&  has  been  shown  in  Parts  I.  and  III.  of  our  Paper,  that 
ionium-salts  alone  gave  an  almost  entirely  Graminaceous 
lace,  but  that  that  produce  was  stunted,  very  dark  green,  leafy, 
,  comparatively,  not  much  more  in  weight  per  acre  than  that 
lout  manure.  Mineral  manures  alone,  on  the  other  hand,  in- 
sed  the  weight  of  produce  somewhat  more  than  the  ammonium- 
i  alone ;  but  the  increase  in  this  case  was  chiefly  Leguminous 
>age — the  Graminaceous  herbage  benefiting 
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anure,  excepting  in  forwardness  and  seeding  tendency.  But 
te  mixture  of  the  two  manures — ammonium  and  mineral — gave 
1  enormous  increase  of  crop,  and  the  amount  of  mineral  con- 
iituents  taken  off  an  acre  of  land,  under  the  influence  of  the  com- 
ination,  was  nearly  twice  as  great  as  that  in  the  crop  by  either 
f  the  manures  used  separately.  It  was  quite  obvious,  that 
here  the  ammonium-salts  were  used  alone,  the  available  supp- 
ly of  some  of  the  necessary  mineral  constituents  fell  short  of 
le  amount  required  for  a  more  abundant  crop.  It  was 
jually  clear,  that  where  the  mineral  manures  were  used  alone, 
lere  was  a  deficiency  of  nitrogen  available  for  the  increased 
rowth  of  the  Graminaceous  herbage.  The  results  in  the  Table 
low  that  it  was  chiefly  for  its  supply  of  potash,  and  next  for 
lat  of  phosphoric  acid,  that  the  mixed  mineral  manure  was  so 
[ficacious  in  increasing  the  growth  of  the  grasses,  when  there 
as  a  sufficiency  of  available  nitrogen  within  the  soil.  They 
Iso  point  to  a  probable  deficiency  of  soluble  silica  in  the  case 
f  the  heavier  crops. 

To  turn  to  the  figures  in  the  Table :  the  most  striking  point 
f  contrast  afforded  by  the  view  of  the  results  of  the  five  analyses 
iven  side  by  side,  is  the  very  great  increase  in  the  percentage 
{potash,  wherever  the  mineral  manure  containing  it  was  em- 
loyed.  There  is,  at  the  same  time,  always  a  diminution  in  the 
yda,  either  in  its  actual  percentage,  or  in  its  proportion  to  that  of 
le  potash,  or  in  both  these  points  of  view.  This  was  the  case, 
otwithstanding  that  soda  as  well  as  potash  was  liberally  supplied 
1  the  mineral  manure.  The  preference  of  the  growing  plants 
>r  potash  rather  than  soda  is  sufficiently  manifest.  And  judging 
■om  the  analogy  of  other  crops  it  may  almost  certainly  be  con- 
[uded  that,  if  all  the  plants  of  the  hay  had  been  allowed  to  fully 
[pen,  the  ash  would  then  have  contained  but  very  little  soda,  if 
uy  at  all.  The  increase  in  the  percentage  of  potash  in  the  ash, 
'here  it  was  supplied  in  manure,  is  at  the  expense  of  the  lime 
nd  magnesia,  though  these  constituents  were  also  supplied  in  the 
lixed  mineral  manure.  In  fact,  the  ash  both  of  the  produce 
ithout  manure,  and  of  that  by  ammonium-salts  alone,  gave  a 
xnewhat  higher  percentage  of  both  lime  and  magnesia  than  even 
rhere  the  mineral  manures  alone  were  used,  and  the  produce  con  - 
lined  so  much  Leguminous  herbage,  the  ash  of  which  is  richer 
l  lime  and  magnesia  than  is  that  of  the  Grasses  proper.  The 
ercentage  of  lime  more  particularly,  was  still  further  reduced, 
'hen  the  ammonium-salts  were  mixed  with  the  mineral  manure, 
y  which  the  growth  of  the  Grasses,  demanding  so  much  potash, 
as  so  much  increased.* 

*  It  is  seen  that  wherever  the  ammonium-salts  were  employed,  which  con- 
sted  of  a  mixture  of  the  sulphate  and  hydrochlorate,  the  amount  of  chlorine 
i  the  ash  is  very  much  increased.   This  constituent, \Yke  *o&&, \&  twuA 
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The  percentage  of  phosphoric  acid,  as  well  as  that  of  po 
was  increased  notably,  though  not  in  so  great  a  degree,  where 
mineral  manure  containing  it  was  used, 

The  percentage  of  sulphuric  add  in  the  ash  is  pretty  uniform 
throughout,  HKHigli  it  was  sin p plied  larwly  both  ni  UiUW 
nium-salts  and  in  the  mixed  mineral  manure.  Whether  or  not* 
the  whole  of  the  sulphuric  acid  found,  existed  as  Much  in  \\w 
plant,  in  combination  with  bases,  or  whether,  on  the  other  hand, 
there  has  been  any  loss  of  it,  or  of  sulphur  in  some  form,  &imi\% 
the  ioci Deration,  may  be  a  question.  It  is,  at  any  rat*,  worthy 
remark  how  very  much  larger  is  the  proportion  of  ddorim  found 
in  the  ash  of  thia  succulent  produce  wherever  it  was  used  in 
manure,  notwithstanding  that  this  substance  (chlorine)  may  be 
supposed  to  be  in  a  far  less  degree  than  sulphur  or  sulphuric 
acid,  if  at  all,  essential  to  the  elaboration  of  the  final  products  of 
the  plants,* 

Carbonic  acid  is  seen  to  be  in  the  largest  proportion  in  ^ 
produce  grown  without  manure,  and  in  that  by  mineral  nmrum* 
alone.  The  Carbonic  acid  is  the  product  of  the  incinerati""  ,,E 
some  other  organic  acid.  Its  comparatively  large  amount  inth* 
ash  of  the  produce  of  the  two  plots  mentioned  is  due  to  tte 
Leguminous  and  other  non-G  mm  in  aceo  us  herbage,  occurring  I 
large  proportion  on  those  plots,  The  ash  of  such  herbage  (t-l* 
non-Graminaceous)  contains,  indeed,  little  or  no  (silica,  and  fre- 
quently a  great  deal  of  Carbonic  acid  due  to  salts  of  organic 

The  percentage  of  silica  is,  nevertheless,  much  higher  in  nV 
ash  of  the  produce  grown  without  manure  than  in  that  grown  to 
any  of  the  artificial  manures  now  in  rmestion,  The  pflfOflP*^ 
of  silica,  in  the  ash  is  the  lesB  where  the  proportion  of  the  Kntfni- 
naceous  herbage— which  so  peculiarly  requires  it— is  thegmteA 
And  where  the  total  Graminaceous  herbage  was  thus  thegn?»f' ft 
it  was  also  in  the  larger  proportion  in  flowering  and  seedi&g 
stem  ;  and  as  the  stem  increases^  ao,  when  not  in  defect,  dc^th'1 
proportion  of  silica*  It  is  true  that  where  the  Grammacec^ 
produce  was  so  large,  and  the  proportion  of  it  that  was  in 
ing  and  seeding  stem  was  alio  large,  those  stems  were  not » 


seldom,  or  in  small  quantity,  in  the  ash  of  perfectly -ripened  vegetable  pr.  ■ 
It  probably  serves  more  m  a  veniole  of  bases,  than  as  an  essenttal  constii*^ 
of  any  of  the  final  prod  acta  of  the  organism  . , 

*  The  fact,  that  in  such  highly  siliceous  ashes  the  amount*  of  chlorine 
not  only  in  some  cases  be  very  targe,  but  that  the  wfmtloBi  in  .imoanc        '  ' 
have  such  very  obvious  connection  with  the  manuri*!  coiutittoiM  i«pptt^f'I 
quite  in  accordance  with  the  experiments  of  Mr.  Way,  showing  thai  a  J*!?*!? 
chlorine  need  seldom  be  feared  when  the  proc.  memtica  is  estf*^^ 

conducted.    It  is  true,  that  the  percentage  of  chlorine  it  the  kurort  wbar#  *Jjr 
of  the  silica  is  the  highest,  mid  that  of  the  chlorine  i«  the  highlit  where  *™ 
of  the  silica  is  the  lowest;  but  the  difference  in  the  proportion*  of  th 
five 
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ipe  as  were  those  of  the  smaller  Graminaceous  crops  ;  and  it  is 
s  the  Graminaceous  plants  progress  to  ripeness,  that  their  ashes 
acrease  so  much  in  percentage  of  silica.  It  would  appear  from 
he8e  considerations,  that  there  was  a  deficient  supply  otavailalile 
Mca  for  the  greatly-increased  growth.  But  a  better  view  of  the 
►robable  mineral  requirements,  or  deficiencies,  of  the  crop,  will 
>e  gained  by  attention  to  the  actual  or  increased  amounts  of  the 
everal  constituents  in  the  acreage  produce  under  the  different 
nanuring  conditions,  as  shown  in  the  second  and  third  Divisions 
f  the  Table  (XIII.). 

By  the  use  of  ammoniums-salts  alone,  the  amount  of  total 
nineral  constituents  taken  off  in  the  crop  is  about  1£  time 
s  much  as  without  any  manure  at  all.  From  the  obvious 
imit  that  there  was  to  the  Graminaceous  increase  by  ammonium- 
alts  alone,  it  is  assumed  that,  in  the  case  of  some  of  the  mineral 
onstituents  of  the  soil,  its  supplies  were  drained  to  the  utmost 
hat  the  range  of  distribution  of  the  underground  feeders  of  the 
lant  would  permit.  Supposing  this  to  be  the  case,  it  is  seen 
iat  the  gain  in  both  potash  and  silica  was  proportionally  less 
lan  that  of  any  other  important  constituent.  But,  as  soon  as 
otash  is  added  in  manure,  even  though  without  ammonium- 
ilts,  the  acreage  amount  of  it  in  the  crop  is  increased  in  larger 
roportion  than  that  of  any  other  important  mineral  constituent, 
ccept  phosphoric  acid.  The  silica,  which  was  not  supplied  in 
be  manure,  was  comparatively  but  little  increased  in  the  pro- 
ace.  When  the  ammonium-salts  as  well  as  mineral  manure 
rere  employed,  the  amount  of  potash  in  the  acreage  produce 
ras  nearly  twice  as  much  as  when  the  mineral  manures  were 
Fed  alone ;  and  it  was  from  3  to  4  times  as  much  as  when  no 
lanure  at  all,  or  ammonium-salts  alone,  were  employed.  Under 
be  same  circumstances,  the  acreage  amount  of  phosphoric  acid 
lcreased  in  almost  an  equal  degree.  So  also  did  that  of  the  sul~ 
huric  acid.  The  silica  even,  was  about  doubled  ;  though  there 
ras  no  supply  of  it  in  manure.  And,  lastly,  the  magnesia,  but 
specially  the  lime  (though  both  were  supplied  in  the  manure) 
l creased  very  much  less  in  acreage  amount  than  the  potash. 

From  the  whole  it  appears,  that  the  much  less  acreage  produce 
f  hay,  when  the  ammonium-salts  were  used  alone,  than  when  they 
^ere  used  in  conjunction  with  the  mixed  mineral  manure,  was  due 
>  a  deficiency  of  available  potash  and  phosphoric  acid  within  the 
%nge  of  the  roots  of  the  crop.  It  also  appears  probable,  that 
bere  was  a  relative  deficiency  of  available  silica,  notwithstand- 
ag  that  the  range  of  collection  of  the  roots  of  the  crop  would  be 
onsiderably  increased  where  the  ammonium-salts  and  the  non- 
iliceous  mineral  constituents  were  employed.  It  is  true  that 
he  acreage  yield  of  silica  was  considerably  increased  where  the 
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larger  crops  were  grown ;  though  it  was  so  not  at  all  oommen- 
surately  with  either  the  potash  or  the  phosphoric  acid.  How 
far  the  increased  amount  of  silica,  such  as  it  was,  was  due  to  its 
being  liberated  in  available  form  by  the  chemical  action  of  the 
constituents  of  the  manures  employed,  or  how  far  only  to  the 
increased  distribution  and  range  of  collection  of  the  roots  of  the 
more  actively  growing  crop,  we  do  not  decide. 

To  call  to  mind  even  more  clearly  than  by  the  above  state- 
ments how  great  is  the  drain  upon  the  soil,  more  particularly  of 
potash,  phosphoric  acid,  and  of  silica,  by  a  heavy  hay-crop,  it 
will  be  useful  to  quote  here  a  few  figures  from  the  Table. 

Whilst  the  unmanured  produce  contained  only  32£  lbs.,  and 
that  by  ammonium-salts  alone  only  38  £  lbs.  of  potash,  that  grown 
by  the  mineral  manure  alone  (supplying  potash)  contained 
72  J  lbs.,  that  by  the  mineral  manure  and  smaller  amount  of 
ammonium-salts  nearly  122  lbs.,  and  that  by  the  mineral  manure 
and  the  larger  amount  of  ammonium-salts  nearly  133  lbs.  of 
potash,  per  acre,  annually. 

The  phosphoric  acid  was  increased  from  about  7J  lbs.  per  acre 
per  annum  without  manure,  to  scarcely  10£  lbs.  with  ammonium- 
salts  alone,  to  16£  lbs.  with  mineral  manure  alone,  and  to  about 
27£  lbs.  by  the  mineral  manure  and  ammonium-salts  together. 

The  silica  amounted  to  41  lbs.  per  acre  per  annum  in  the  pro- 
duce without  manure,  to  47£  lbs.  in  that  by  ammonium-salts 
alone,  to  nearly  45§  lbs.  in  that  by  mineral  manure  alone,  to 
80  §  lbs.  in  that  by  the  mineral  manure  and  the  smaller  amount  of 
ammonium-salts,  and  to  a  little  more  than  73  lbs.  in  that  by 
the  mineral  manure  and  the  larger  amount  of  ammonium-salts. 

AVe  have  already  prominently  called  attention  to  the  fact  that 
the  hay-crop,  both  from  the  large  amount  of  mineral  constituents 
it  generally  carries  from  the  land,  and  from  the  generally  more 
inadequate  return  of  them  by  the  home  or  other  manures,  is 
liable  to  be  much  more  exhausting  to  the  soil  than  the  rotation 
crops  of  a  farm.  It  has  been  stated,  too,  that  potash  was  perhaps 
the  constituent  most  likely  first  to  Rhow  a  deficiency.  These  ash- 
analyses,  and  the  discussion  to  which  they  have  led,  cannot  fail 
to  impress  upon  the  mind  of  the  farmer  still  more  forcibly  the 
necessity  of  a  due  return  to  the  land,  at  least  of  potash  and  phos~ 
photic  acid,  if  not  even  of  available  silica  (which  would  be 
accomplished  by  farmyard-manure),  if  he  would  hope  to  obtain 
anything  like  maximum  crops  of  hay,  year  by  year,  by  the  aid  of 
artificial  nitrogenous  manures. 

It  has  just  been  seen  how  very  variable  is  the  composition  of 
the  ash  of  the  mixed  herbage  of  meadow-land  according  to  the 
manure  employed.    It  has  before  been  shown  that  the  compari- 
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tion  of  the  total  mixed  produce,  or  liay,  varied  very  much  accord- 
ing to  season — both  in  regard  to  the  percentage  of  Dry  substance, 
and  to  that  of  the  Mineral  matter  in  that  Dry  substance.  It  will 
also  presently  be  seen  that  the  percentages  of  total  Nitrogenous 
compounds  likewise  varied  very  much  according  to  season.  The 
composition  of  the  ash  does  not,  however,  appear  to  be  so  much 
affected  by  variation  in  season  as,  from  the  influence  of  the  latter 
on  the  composition  of  the  hay  in  other  points  of  view,  might 
have  been  anticipated. 

The  much  less  effect  of  variation  in  season,  than  in  manuring  ^ 
on  the  comjyositioii  of  tlie  ash  of  the  experimentally-grown  hay, 
is  illustrated  by  the  results  given  in  Table  XIV.,  which  now 
follow  8 : — 

Table  XIV. — Showing  the  Composition  of  the  Ashes  of  Meadow-Hay 
grown  Experimentally  in  different  Seasons. 


Mixed  Abhes  of  the  Produce  by  IC  different  Manures 
in  each  Year. 


Calculated 

1856. 

1857. 

1858. 

Mean 

(1856-7-8). 

Peroxide  of  Iron   

014 

033 

0-25 

024 

Xiime  

1302 

1213 

11-92 

1236 

Iffagnesia  

3*59 

393 

397 

3-83 

Potash   

2683 

2643 

25-26 

26- 17 

8oda  

6-40 

746 

958 

781 

I>hosphoric  Aoid   

559 

6T>8 

5-52 

5-60 

Sulphuric  Acid   

602 

714 

718 

6-78 

Chlorine  

11-37 

1215 

1225 

11-92 

Carbonic  Acid  

3-37 

274 

2-73 

295 

Silica   

2228 

19-93 

20-23 

2081 

Sand  

215 

289 

229 

244 

Charcoal  

222 

2-22 

217 

2-20 

102-98 

10302 

103-35 

10311 

Deduct  0-  CI*   

256 

274 

2-76 

2-69 

Totals  

100  42 

100-28 

100-59 

100-42 

•  See  note  at  foot  of  Table  XIII. 


In  the  first  column  of  the  Table  is  given  the  composition  of 
to  equal  mixture  of  the  ashes  of  the  produce  from  all  the  experi- 
mental plots  in  1856 ;  in  the  second  column,  the  composition  of 
^  similarly  mixed  ash  from  the  produce  of  all  the  plots  in  1857  ; 
^nd  in  the  third  column,  the  composition  of  the  mixed  ash  from 
^11  the  plots  in  1858.  The  fourth  column  gives  the  calculated 
mean  of  the  three  analyses. 

The  uniformity  in  the  composition  of  the  three  mixed 
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representing  as  they  do  the  percentage  mineral  composition  of 
the  produce  of  three  very  different  seasons — the  characters  of 
which  differed  so  widely  in  several  other  respects — is  somewhat 
remarkable.  The  differences  are  indeed  too  slight  to  justify  the 
deduction  from  them  of  any  very  defined  conclusions.  Still,  it 
may  be  observed,  that  the  tendency  of  the  variations  is  to  show  a 
scarcely  maintained,  and  in  some  cases  an  even  diminished  pro- 
portion, of  those  constituents  which  may  be  considered  the  most 
characteristic  of  the  hay  crop,  when  it  is  supplied  liberally  with 
all  the  necessary  mineral  constituents.  Thus,  the  proportion  of 
phosphoric  acid  is  about  equal  in  the  three  seasons,  whilst  that 
of  the  lime,  the  potash,  and  the  silica,  show  a  tendency  to  de- 
crease from  year  to  year.  The  carbonic  acid  too,  which  is  cha- 
racteristic of  the  ash  of  the  non-Graminaceous  part  of  the  herbage, 
also  diminishes  somewhat  from  the  first  to  the  third  year.  On 
the  other  hand,  the  soda  and  the  chlorine — constituents  the  most 
of  all  characteristic  of  crude  and  succulent  growth — increase  very 
obviously  in  their  proportion  in  the  ash  from  year  to  year. 

Upon  the  whole  then,  these  results,  comparatively  slight  as 
the  differences  are,  still  indicate,  as  did  those  which  have  gone 
before,  that  there  was  a  probable  relative  deficiency  of  time, 
potash,  and  silica — especially  of  the  latter  two. 

With  regard  to  the  results  given  in  the  fourth  column  atten- 
tion may  be  called  to  the  fact,  that  the  figures  represent  the 
mean  composition  of  the  ash  of  specimens  of  hay  grown  under 
sixteen  different  manuring  conditions,  in  each  of  the  three  widely 
differing  seasons.  The  results  may  therefore  be  taken  as  show- 
ing the  average  mineral  composition  of  the  mixed  herbage  grown 
under  a  great  variety  of  circumstances. 

4. — Nitrogen. 

For  the  information  of  the  chemical  reader  it  may  be  mentioned, 
that  the  nitrogen  in  the  hay,  as  given  in  the  Table,  was  deter- 
mined by  burning  with  soda-lime,  and  estimating  by  the  volu- 
metric method.  Duplicate  determinations  were  always  made. 
The  individual  results  are  given  for  reference  in  Tables  V.,  VI., 
and  VII.,  in  the  Appendix.  The  mean  results  only,  are  given  in 
Table  XV.  on  the  next  page ;  and  these  will  be  in  sufficient 
detail  for  the  purpose  of  our  illustrations.  The  nitrogen  was 
thus  determined,  in  the  hay  from  every  one  of  the  experimental 
plots,  in  each  of  the  three  years  of  the  experiments.  The  figures 
in  the  first  set  of  four  columns  (Table  XV.)  represent  the  per- 
centages of  Nitrogen  in  the  fresh  hay — that  is,  in  the  condition 
in  which  it  was  carted  from  the  land.  The  figures  in  the  second 
Division  represent  the  percentages  in  the  Dry  substance  of 
the  hay. 
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It  will  be  found,  that  the  percentage  of  nitrogen  in  the  Dry 
substance  of  such  heterogeneous  and  irregularly  ripened  produce 
as  hay,  is,  like  that  of  the  mineral  matter ,.contingent  upon  many 
coincident  circumstances.  Still,  the  results  will  show,  as  already 
alluded  to,  that,  other  things  being  equal,  the  lower  the  condition 
of  maturation  of  the  produce,  the  higher  will  be  the  percentage 
of  Nitrogen,  and  vice  versa. 

In  accordance  with  this  general  observation,  the  Table  shows 
that  the  season  which  gave  the  produce  yielding  the  lowest 
average  percentage  of  Dry  substance,  and  the  highest  average 
percentage  of  Mineral  matter  in  that  dry  substance  (1856),  gave 
also  a  produce  containing  a  higher  percentage  of  nitrogen  in  its 
dry  substance  than  that  of  either  of  the  years  of  higher  condition 
of  the  hay.  Conversely,  the  second  season  (1857),  the  produce 
of  which  showed  the  highest  average  percentage  of  dry  matter,  and 
the  lowest  average  percentage  of  mineral  matter  in  that  dry  sub- 
stance, gave,  at  the  time  of  cutting,  a  hay  which  contained  the 
lowest  average  percentage  of  Nitrogen  in  that  dry  substance. 
As  between  the  produce  of  one  season  with  that  of  another,  then, 
the  general  result  was,  that  the  more  matured  the  condition  of 
the  hay,  the  lower  was  the  percentage  of  Nitrogen  in  its  dry 
substance.  This  is  in  general  accordance  with  what  we  have 
elsewhere  shown  to  obtain  in  the  case  of  ripen.ed  crops — wheat 
and  barley.  It  is  true,  that  in  the  case  of  the  hay-crop,  the  object 
is  not  a  fully  ripened  produce.  There  is,  therefore,  of  course,  a 
limit  below  which  a  depreciation  in  the  percentage  of  Nitrogen, 
the  result  of  over-ripening,  will  be  a  disadvantage.  At  the  same 
time,  we  believe  that,  comparing  the  produce  of  hay  of  one 
season  with  that  of  another,  each  cut  at  its  proper  stage  of 
progress,  that  which  has  the  lower  percentage  of  Nitrogen  in  its 
dry  substance  will,  taking  the  average  of  seasons,  have  its  con- 
stituents in  the  better  condition  of  elaboration,  and  be,  therefore, 
a  better  food  for  animals. 

The  variations  in  the  percentage  of  Nitrogen  in  the  hay  within 
one  and  the  same  season,  according  to  the  manuring,  are  very 
marked  and  interesting. 

Taking  the  average  result  of  the  three  seasons,  the  produce 
grown  on  the  plot  manured  with  ammonium-salts  alone,  con- 
tained a  much  higher  percentage  of  Nitrogen  in  its  dry  substance 
than  did  that  grown  without  manure.  Again,  the  produce  grown 
by  ammonium-salts  and  sawdust  gave  a  higher  percentage  of 
Nitrogen  than  that  grown  by  sawdust  alone.  When  the  ammo- 
nium-salts were  thus  supplemented  to  the  unmatured,  or  to  the 
merely  sawdusted  conditions,  the  supply  of  Nitrogen  was  in  con- 
siderable relative  excess ;  as  was  shown  by  the  greatly  increased 
produce  when  the  mixed  mineral  manure  was  superadded. 
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Under  these  circumstances,  the  percentage  of  the  deficiently- 
provided  Mineral  constituents  was  comparatively  low,  whilst  that 
of  the  relatively  excessively  supplied  Nitrogen  was  considerably 
increased.  The  percentage  of  Nitrogen  was  thus  increased,  not- 
withstanding that  the  produce  was  almost  entirely  Graminaceous 
where  the  ammonium-salts  were  used ;  whilst,  where  they  were 
not  employed,  it  contained  a  notable  proportion  of  Leguminous 
herbage,  the  percentage  of  Nitrogen  in  which  is  generally  about 
twice  as  high  as  in  purely  Graminaceous  produce.  The  high 
percentage  of  Nitrogen  in  the  produce  grown  by  ammonium- 
salts  without  mineral  manure  was,  therefore,  due  to  an  increased 
percentage  of  it  in  the  Graminaceous  herbage.  This  highly 
nitrogenised  Graminaceous  produce  consisted,  it  will  be  remem- 
bered, in  very  large  proportion  of  leaf;  it  was  stunted  in  growth  ; 
and  was  of  a  very  dark  green  colour  compared  with  the  produce 
where  there  were  larger  crops. 

The  mixed  mineral  manure  used  alone,  or  in  conjunction  only 
with  sawdust,  gave  a  produce  which  contained  a  higher  per- 
centage of  Nitrogen  than  either  that  grown  without  manure  or 
with  sawdust  alone.  The  percentage  of  Nitrogen  under  these 
conditions  was  nearly  as  high  as  where  the  ammonium-salts,  or 
the  ammonium-salts  and  sawdust  (without  mineral  manure), 
were  used,  which  gave  the  stunted,  dark  green  produce,  above 
referred  to.  But  the  high  percentage  of  Nitrogen  in  the  produce 
now  under  consideration,  namely,  that  grown  by  mineral  without 
nitrogenous  manure,  was  not  due  to  a  high  percentage  in  the 
Graminaceous  part  of  it.  It  was  due  to  the  fact,  that  the  produce 
grown  under  these  conditions  contained  a  large  proportion  of 
Leguminous  herbage,  the  percentage  of  Nitrogen  in  which  is,  as 
above  stated,  generally  about  twice  as  high  as  that  in  purely 
Graminaceous  hay. 

It  has  been  seen,  then,  that  the  mineral  manure  alone  gave  a 
produce  containing  a  high  percentage  of  Nitrogen  by  increasing 
the  proportion  in  it  of  the  highly  nitrogenous  Leguminous 
herbage.  It  has  also  been  seen,  that  the  use  of  ammonium-salts 
alone,  mineral  constituents  being  in  defect,  gave  a  stunted  Grami- 
naceous produce,  also  with  a  considerably  increased  percentage 
of  Nitrogen.  The  addition  of  ammonium-salts,  when  there  was 
at  the  same  time  a  liberal  provision  of  mineral  constituents,  gave 
a  very  different  result,  both  as  to  the  character  and  amount  of  the 
crop,  and  as  to  the  percentage  of  its  Nitrogen. 

If  we  compare  the  composition  of  the  produce  manured  witli 
both  ammonium-salts  and  the  mineral  manure,  with  that  grown 
by  the  mineral  manure  alone,  or  again,  if  we  compare  the  pro- 
duce by  ammonium-salts,  sawdust,  and  mineral  manure,  with  that 
by  the  sawdust  and  mineral  manure  without  the  ammonium- 
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salts,  the  Table  shows  that,  in  both  cases,  the  percentage  of 
Nitrogen  in  the  produce  was  considerably  lower  where  the  ammo- 
nium-salts were  employed  than  in  the  comparable  instances 
without  them.  This  lower  percentage  of  Nitrogen  in  the  hay, 
by  the  addition  of  ammonium-salts  to  mineral  manure,  was 
partly  due  to  the  fact,  that  the  produce  grown  by  the  mineral 
manure  without  the  ammonium-salts,  contained  so  large  an 
amount  of  the  highly  Nitrogenous  Leguminous  herbage,  whilst 
that  grown  with  ammonium-salts  in  addition,  was  almost  en- 
tirely Graminaceous.  But  the  percentage  of  Nitrogen  in  this 
Graminaceous  produce  grown  by  ammonium-salts  together 
with  a  liberal  supply  of  mineral  constituents,  was  also  very 
much  lower  than  that  in  the  equally  Graminaceous  produce 
where  the  nitrogenous  supply  was  in  excess;  that  is  to  say, 
where  the  ammonium-salts  were  used  without  the  mineral 
manure.  Thus,  taking  the  average  of  the  three  years,  the  per- 
centage of  Nitrogen  in  the  dry  substance  of  the  hay  grown  by 
ammonium-salts  alone,  was  1*9  ;  whilst  that  in  the  dry  substance 
of  the  produce  grown  by  the  same  amount  of  ammonium-salts, 
but  in  conjunction  with  the  mineral  manure,  was  only  1*48. 
This  produce  grown  by  the  nitrogenous  and  mineral  manure 
combined,  was  about  1|  time  as  great  as  that  grown  by  the  use 
of  ammonium-salts  alone ;  it  was  of  a  far  lighter,  and  more 
lively  green  colour  whilst  growing ;  it  was  far  more  luxuriant ; 
and  it  gave  a  much  larger  proportion  of  flowering  and  seeding 
stem.  Such  were  the  comparative  characters  of  the  produce, 
which  contained  much  the  lower  percentage  of  Nitrogen.  The 
higher  percentage  of  Nitrogen  in  the  produce  grown  by  the  am- 
monium-salts without  the  mineral  manure  was,  therefore,  coin- 
cident with  a  much  smaller  yield  of  hay,  with  a  much  less 
luxuriance  of  growth,  and  with  a  much  larger  proportion  of  leafy 
produce.  In  fact,  in  the  case  of  hay,  as  in  that  of  the  ripened 
cereal  grains,  a  relatively  low  percentage  of  Nitrogen  (within 
certain  limits)  is,  in  cases  comparable  on  the  point,  more  likely 
to  be  associated  with  a  relatively  high,  than  with  a  relatively 
low  condition,  and  degree  of  elaboration,  of  the  constituents; 
and  it  is  also  more  likely  to  be  the  result  of  moderately  luxuriant, 
than  of  either  stunted,  or  over-luxuriant  growth. 

The  points  last  referred  to,  are  aptly  illustrated  by  a  comparison 
of  the  characters,  and  nitrogenous  percentage,  of  the  hay  grown 
by  the  double  amount  of  ammonium-salts  with  the  mineral 
manure,  with  those  of  the  produce  grown  by  the  smaller  amount 
of  ammonium-salts  and  the  same  mineral  manure.  The  average 
percentage  of  Nitrogen  in  the  dry  substance  of  the  scarcely  too 
heavy  or  luxuriant  produce  grown  by  the  mineral  manure  and 
the  smaller  amount  of  ammonium- salts,  was  only  1-48;  whilst, 
that  in  the  dry  substance  ot\\vfc 
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and  laid  and  damaged  produce,  grown  by  the  same  mineral 
manure  and  the  double  or  excessive  amount  of  ammonium-salts, 
was  1-96.  It  will  not  be  doubted,  that  the  higher  percentage 
of  Nitrogen  was,  under  these  circumstances,  coincident  with  a 
more  crude  and  less  favourable  condition  of  the  constituents 
of  the  hay.  It  has  been  shown  experimentally  by  Professor 
Voelcker,  that  succulent  plants  may  contain  a  part  of  their 
nitrogen  in  the  condition  of  ammonium-salts;  and  Professor 
Sullivan  has  more  recently  called  attention  to  the  apparently 
frequent  occurrence  of  both  ammonia  and  nitric  acid  in  the  sap  of 
plants.  We  had  too,  ourselves,  long  since  pointed  out,  that  turnips 
in  which  the  percentage  of  Nitrogen  was  raised  beyond  a  com- 
paratively low  amount  by  means  of  highly  nitrogenous  manures, 
were,  weight  for  weight,  of  less  feeding  value  than  those  having 
a  far  lower  percentage  of  Nitrogen,  but  which  were  in  a  less 
crude  and  succulent,  and  a  more  highly  elaborated  condition.  In- 
deed such  highly  nitrogenous  turnips  were  even  purgative  and 
injurious.* 

Attention  should  be  called  to  the  fact,  that  the  produce  grown 
by  nitrate  of  soda  alone,  like  that  grown  by  ammonium-salts 
alone,  contained  a  much  higher  percentage  of  Nitrogen,  than 
that  grown  without  manure.f  Again,  the  addition  of  mineral 
manure  to  the  nitrate  of  soda,  by  which  the  crop  was  consider- 
ably increased,  gave  a  produce  containing  a  lower  percentage  of 
Nitrogen  than  that  grown  by  nitrate  of  soda  alone. 

Before  leaving  the  results  of  Table  XV.,  it  may  be  observed 
that,  taking  tits  average  of  the  three  seasons,  the  addition  of  am- 
monium-salts to  farmyard  manure,  gave  a  produce  containing  a 
slightly  higher  percentage  of  Nitrogen.  In  the  second  season, 
however,  which  was  the  one  of  the  highest  dryness  and  maturation 
of  the  hay,  at  the  time  of  cutting,  a  contrary  result  was  obtained. 

From  the  whole  of  the  results  in  regard  to  nitrogen,  it  would 
appear,  that  a  high  percentage  is  by  no  means  a  safe  indication 
of  relatively  high  feeding  quality.  In  fact,  in  succulent  and 
Qnripened  produce  more  particularly,  it  is  an  uncertain  indica- 
ion  even  of  high  amount  of  elaborated  nitrogenous  vegetable 
Ompounds. 

5. — Cellular  Matter,  or  Woody-Fibre. 

The  constituent  of  vegetable  food-stuffs,  to  which  the  term 
woody-fibre 99  is  frequently  given,  is  that  portion  which  remains 
ndissolved  after  the  application  of  such  solvents  as  are  supposed 
i  remove  all  the  other  vegetable  compounds — namely,  the  nitro- 

*  •Jour.  Roy.  Agr.  Soc.  Eng./  vol.  x.  (1849),  pp.  306-315  inclusive. 

f  Ab  the  amount  of  nitrogen  in  the  hay  grown  by  the  nitrate  of  soda,  was 
fetennined  by  combustion  with  soda  lime,  and  estimation  as  ammonia  by  the 
^lumetrjc  method,  the  high  amount  recorded  in  the  Table  could  not  d»a  Vs> 
(^decomposed  nitric  acid  or  nitrate. 
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genous  substance,  the  fatty  matter,  the  starch,  the  sugar,  tbe  gum, 
the  extractive  matters,  &c.  The  substance  so  remaining  generally 
retains,  however,  a  certain  amount  of  mineral  inatfrr.  the  fjuau* 
tity  of  which  is  determined  by  the  incineration  of  tho  fibre, 
The  attainment  of  certain  results  in  regard  to  the  amount  of  tin* 
so-called  "  woody -fibre  "  is,  however,  in  practice*  not  a  very  i  lij 
matter.  It  is  seldom  that  two  experimenters  have  adopted  tbe 
same  methods  for  its  quantitative  estimation.  And,  although 
it.  is  comparatively  easy  to  determine  whether  or  not  the  pnwiVt 
of  the  process  still  retains  some  of  the  other  matters  enumerate*! 
above,  it  is  by  no  means  so  easy  to  settle  whether  or  not  any 
portion  of  the  substance  which  it  is  intended  to  include  imkt 
the  term  Woody-fibre,  has  itself  been  rendered  soluble  and  re- 
moved. For  the  results  we  have  to  lay  before  the  reader 
this  head,  as  well  as  for  those  relating  to  the  Fatty  matter,  to 
which  we  shall  refer  further  on,  we  are  indebted  to  M.  Thulium 
Secret  eke,  of  Copenhagen,  who  kindly  undertook  this  part  of  tie 
investigation  whilst  staying  in  the  Rothauisted  laboratory* 

It  would  be  out  of  place  to  go  elaborately  into  the  que*Li"ji 
of  method  here  ■  and  it  is  the  less  necessary  as  JL  Sqpskbl 
has  given  a  separate  paper  on  the  subject  elsewhere,*  It 
be  mentioned,  however,  that  he  in  vain  tried  to  get  rmduwhkb 
corresponded  with  one  another  when  using  the  (UAhM)  rsi 
that  have  been  recommended,    In  fact,  constancy  of  result  seemed 
to  be  only  attainable,  when  solvents  of  a  constant  ^tivnirth  v-  : 
employed,  for  a  fixed  period  of  time,  and  at  a  given  temperature. 
The  necessity  for  observing  fixed  time  and  temperature,  hn> 
insisted  upon  by  JL  Millon  j  and  the  strength  of  solvent*  wk™* 
M.  Segelcke  adopted  ill  the  analysis  of  the  ha}  s.  a* 
pretty  uniform  results,  was  very  much  the  faille  as  recommit 
by  J&  PeligoL 

The  method  by  which  the  results  given  in  the  Tab!.'  ^  1 
obt ained ,  was  briefly  as  follows  : — a bi i u t  1 U  gra nnnrs  ol  1  i 1 
finely  ground  hay  were  first  fully  dried  at  a  tempera^ 
212*  F,    The  substance  was  next  digested  for  three-quarfi <f>  ,lf 
an  hour  at  a  temperature,  as  nearly  as  it  could  be  aumNti["H! 
of  180°  F,t  in  150  septemsf  of  sulphuric  acid,  composed  tA 
part,  by  volume,  oil  of  vitriol,  and  two  parts,  by  i  ■  tin  1 

*  uOn  the  Current  Methods  for  estimating  tire  Cellular  mattrr.  m  ■  WnwV 
fibre/  Sa  Vegetable  Food  stuff  a  ;  *  see  "  Eep^Tt  of  The  llritixb  Auoolattoo  to*** 

Ad  vancera  en  t  o  f  S  de  r  j  co ,  for  !  S  M  .**    A  be  rdi>*  n  Meeting  ;  Hwlltrt*  B 
f  A  sopk'm  measure  i»  that  of  j^jthof  aponndftvofrrluputJ^oT  TjfraifM, 

j  The  above  is  Una  strength  of  acid  recommended  by  Id-  V> 
quent  investigation  M.Segelcke  ba*  f-nini.  l  h.rtc  u^uItm  of  wb u  h  ih*'  'h\  \ 
were  much  more  cloeely  agreeing,  and  wlii*  b  *tiU  raaxurt  vwrj  < 

recorded  i  n  the  Table  and  t  \  bi  at  ac  d  by  ih  e  m  -  On  *  1  d  < 

insured  by  usjn^a 
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After  this  digestion,  the  whole  was  diluted  with  hot  water, 
filtered,  and  the  insoluble  matter  well  washed  with  hot  water. 
At  this  stage  the  product  retained  several  per  cent,  of  nitrogenous 
substance,  and  a  considerable  amount  of  other  matters  which  were 
dissolved  in  the  next  step  of  the  process.  The  substance  was 
removed  from  the  filter,  and  then  boiled  for  half  an  hour  with 
600  septems  of  very  dilute  caustic  soda.  The  whole  was  again 
thrown  on  a  filter  and  well  washed  with  hot  water.  A  drop  of 
sulphuric  acid  was,  however,  added  to  the  wash-water  after  the 
main  portion  of  the  washings  had  passed  off ;  and  the  washing 
was  continued  until  the  water  no  longer  came  through  acid. 
The  matter  was  then  washed  from  the  filter,  dried,  and  weighed 
as  woody  fibre.  After  this  treatment,  the  product  still  retained 
O'l  per  cent.,  or  less,  of  its  weight  of  nitrogenous  substance, 
and  some  mineral  matter  ;  both  of  which  were  determined  and 
deducted  by  calculation. 

The  individual  determinations  of  this  Woody-fibre  are  given  for 
reference  in  Table  VIII.  in  the  Appendix ;  and  an  examination 
of  them  will  show  within  what  limits  the  duplicate  or  triplicate 
results  agree  with  one  another.  It  is  believed  that  the  figures 
are  probably  very  trustworthy  as  a  comparative  series,  comparing 
specimen  with  specimen  as  to  the  respective  amounts  of  Woody- 
fibre  of  a  given  degree  of  insolubility  or  induration  ;  but  they  are 
pretty  certainly  too  low  considered  as  including  the  whole  of  the 
cellulose.  At  least  M.  Segelcke  found  that  even  Swedish  filtering 
paper  was  somewhat  reduced  in  amount  by  the  second  part  of 
the  process,  namely,  the  treatment  with  the  alkali  after  the  acid, 
though  it  was  not  so  by  the  digestion  with  either  the  acid  or  the 
alkali  only.  On  the  other  hand,  with  any  less  treatment  with  the 
alkali,  not  only  higher  results,  but  inconstant  duplicates  or  tri- 
plicates, were  obtained ;  and  the  product  at  the  same  time  re- 
tained a  considerably  higher  amount  of  nitrogenous  substance. 

As  already  intimated,  the  woody-fibre  was  only  determined  in 
the  hay  of  certain  plots,  namely,  those  selected  for  the  botanical 
separations  referred  to  in  Part  III.  It  was,  however,  determined 
in  the  produce  of  those  plots,  in  each  of  the  three  years  of 
the  experiments.  We  are  enabled,  therefore,  to  trace  the 
effects  of  both  season  and  manuring  on  the  percentage  of  the 
more  insoluble  woody-fil/re—so  far  as  it  can  be  indicated  by 

testis,  1  volume  of  oil  of  vitriol  to  16 volumes  of  water  ;  the  temperature  that 
of  the  boiling  point ;  and  the  time  of  action  a  quarter  of  an  hour.  A  great  practi- 
cal advantage  of  substituting  the  use  of  a  stronger  acid,  and  a  temperature  below 
the  boiling  point,  by  a  weaker  acid  and  the  boiling  point,  is  the  ease  by  which 
constancy  in  the  latter  temperature  can  be  secured.  Indeed,  the  discrepancies, 
Hch  as  they  are,  between  the  duplicate  and  triplicate  determinations  recorded 
11  Appendix,  Table  VIII.,  M.  Segelcke  attributes  mainly  to  the  accidental 
actuations  in  practice,  somewhat  above  or  below  his  then  adopted  tempeia- 
i*e  of  lSO^F. 
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the  results  of  the  method  above  described.  The  means  only, 
of  the  two  or  more  determinations  made  on  each  specimen,  are 
given  in  Table  XVI.  which  now  follows ;  and  it  is  these  to 
which  we  shall  confine  attention. 

The  professed  object  of  determining  the  amount  of  woody- 
fibre  in  our  food-stuffs,  is  to  acquire  some  means  of  judging  of 
their  amount  of  probably  indigestible  and  effete  material.  Now, 
it  is  sufficiently  apparent  from  the  researches  of  many  able  in- 
vestigators, among  whom  we  may  mention  Mulder,  Harting, 
Boussingault,  Millon,  Peligot,  Mitcherlich,  Chevreul,  Fremy, 
Cramer,  and  Payen,  that  the  substance  to  which  is  given  the 
somewhat  generic  term  woody-fibre,  comprises  many  modifications, 
which  vary  from  each  other,  in  physical  characters,  and  in 
behaviour  to  solvents,  according  to  age,  and  other  circumstances 
of  their  deposition,  and  to  the  character  and  amount  of  the  in- 
crusting  matters,  and  of  the  injected  or  foreign  matters  with 
which  they  are  associated.  In  fact,  some  of  the  modifications  which 
yield  most  easily  to  certain  chemical  solvents,  seem  to  be  sepa- 
rated by  almost  imperceptible  lines  of  demarcation,  from  the 
admittedly  more  digestible  starchy  bodies.  The  two  series  of 
bodies  appear,  indeed,  to  be  mutually  transformable,  not  only  in 
the  laboratory  of  vegetable  existence,  but  more  or  less  in  that  of 
the  chemist  also. 

How  then,  are  we  by  the  chemical  analysis  of  a  food,  to  de- 
termine exactly  at  what  point  of  aggregation,  induration,  or 
protection  by  foreign  substances,  its  Cellular  or  Woody  matter 
is  to  be  accounted  as  indigestible,  innutritions,  and  effete?  So 
long  as  the  Cellular  substance  is  in  such  a  condition  as  to  be 
easily  acted  upon  by  chemical  solvents,  or  to  be  transformable 
within  the  plant,  we  may  perhaps  venture  to  assume,  that  it  would 
not  be  wholly  refractory  to  the  digestive  agencies  of  animals.  If, 
therefore,  it  be  admitted,  that  the  amounts  of  matter  recorded  as 
woody-fibre  in  our  Table,  do  not  include  the  more  delicate  and 
changeable  Cellulose  of  the  vegetable  substance  examined,  they 
may,  nevertheless,  on  that  account,  the  more  nearly  represent  the 
proportions  of  the  respective  hays,  that  will  be  necessarily  indi- 
gestible and  effete.  In  fact,  although  we  do  not  at  all  claim  that 
the  results  do  indicate  the  total  GeUalose  of  the  specimens  ex- 
amined, we  still  believe,  that,  so  far  as  present  experience  goes, 
results  so  obtained  are  the  best  means  at  command  for  the 
purpose  of  comparing  the  specimens  one  with  another,  in  regard 
to  the  relative  proportion  in  each  of  the  more  refractory  Cellular 
matter.  And,  so  far  as  the  substance  which  resists  the  action  of 
solvents  employed  in  the  degree  above  described,  may  be  found 
to  be  really  indigestible  and  effete,  a  large  relative  proportion 
would,  in  this  point  of  view,  be  objectionable.    At  the  same 
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time,  it  must  be  borne  in  mind,  tihat  a  certain  proportion  of  this 
otherwise  useless  and  effete  matter,  is  absolutely  essential  to 
give  bulk,  and  to  aid  the  digestion  of  the  other  constituents  of 
the  food,  especially  of  our  ruminant  animals. 

With  these  brief  observations  on  the  character,  and  the  relation- 
ships, of  the  substance  the  amounts  of  which,  in  the  respective 
hays,  are  recorded  in  the  Table,  attention  may  now  be  directed 
to  the  results  there  given. 

In  the  upper  portion  of  Table  XVI.,  the  percentages  of  woody- 
fihre,  or  more  properly  of  comparatively  indurated  Cellular  matter, 
in  the  fresh  hay  are  given ;  and  in  the  lower  Division,  the  per- 
centages in  the  Dry  substance  of  the  hay.  The  latter  indicate  the 
most  clearly  the  differences  in  the  composition  of  the  vegetable 
substance  of  the  hay.  Comparing  the  produce  of  one  season  with 
that  of  another,  the  percentage  of  this  comparatively  insoluble 
Woody-fibre  is,  on  the  average,  considerably  the  highest  in  tliat  of 
the  wet,  cold,  and  ungenial  season  1856,  and  the  lowest  in  that  of 
1857.  It  will  be  remembered  that  the  produce  of  1856,  which 
shows  the  largest  proportion  of  comparatively  refractory  Woody 
matter  in  its  Dry  substance,  gave  a  very  low  percentage  of  Dry 
substance  ;  but  high  percentages  of  both  Mineral  matter,  and  Ni- 
trogen (in  a  questionable  degree  of  elaboration),  in  that  Dry  sub- 
stance. And,  conversely,  the  produce  of  1857,  which  now  give* 
the  lowest  proportion  of  such  Woody-fibre  in  its  Dry  substance, 
gave  the  highest  proportion  of  Dry  substance,  and  the  lowest  pro- 
portion of  Mineral  matter,  and  of  Nitrogen,  in  that  Dry  substance. 

It  might  perhaps  not  have  been  anticipated,  that  the  season 
which  gave  the  most  crude,  succulent,  and  ill-conditioned 
produce,  would  at  the  same  time  give  a  vegetable  sub- 
stance containing  a  high  proportion  of  comparatively  indu- 
rated Cellular  or  Woody  matter.  In  all  cases,  the  specimens 
were  so  far  dried  soon  after  they  were  collected,  as  to  leave 
in  them  only  about  5  per  cent.,  or  less,  of  moisture ;  and  in 
this  condition  they  were  ground  and  preserved.  And,  as  the 
Woody-fibre  determinations  have  only  recently  been  made,  the 
produce  of  1856  has  had  some  considerable  time  for  change, 
were  it  liable  to  it.  Under  the  circumstances  of  the  preparation 
and  preservation  of  the  specimens,  however,  it  would  be  difficult 
to  conceive  of  any  changes  that  would  raise  the  percentage  of 
indurated  Cellular  matter  in  the  remaining  substance,  to  the 
extent  indicated  in  the  Table  above  that  in  the  produce  of  the 
other  years.  Against  the  probability  of  such  change,  may  be 
noted  the  fact,  that  the  produce  of  1857,  which  had  been  pre- 
served for  nearly  2  years  when  examined,  gave  a  lower  per- 
centage of  this  Woody-fibre  in  its  Dry  substance,  than  that  of 
J  858  which,  of  course,  had  not  been  preserved  so  long.    On  the 
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other  hand,  neither  do  any  of  our  records  as  to  the  character  of 
the  produce  in  the  several  years,  or  as  to  the  characters  of  the 
seasons  themselves,  lead  to  the  belief  that  the  produce  of  1856 
was  either  in  such  large  proportion  stemmy,  or  so  forward,  at  the 
time  of  cutting,  as  that  of  the  other  seasons.  Should  then,  fu- 
ture researches  confirm  the  indications  of  these  results,  we  should 
have  to  adopt  the  important  conclusion,  that  a  crude  and  succu- 
lent produce — a  large  proportion  of  whose  more  soluble  consti- 
tuents exists  in  a  low  condition  of  elaboration — may  at  the  same 
time  have  a  large  proportion  of  its  more  fixed  constituents  in  the 
condition  of  comparatively  indurated  and  innutritious  Cellular 
matter.  Or,  may  it  be,  that,  when  there  is  a  low  condition  of  elabo- 
ration of  some  of  the  more  soluble  constituents,  so  large  a  proportion 
of  these  undergo  change,  as  to  leave  the  more  fixed  Woody  matter 
in  larger  proportion  in  the  remaining  total  dry  substance  ? 

When  the  observed  variations  in  the  character  of  the  produce 
are  borne  in  mind,  the  effects  of  manures  upon  the  relative  per- 
centages of  the  more  fixed  Woody-fibre  in  its  Dry  substance, 
are  more  clearly  in  accordance  with  what  would  be  expected 
than  are  those  of  season.  Taking  the  average  result  of  the  3 
years,  the  Dry  substance  of  the  unmanured  produce,  contained  a 
comparatively  low  percentage  of  such  Woody-fibre.  This  pro- 
duce contained  a  large  proportion  of  non-Graminaceous  herbage ; 
a  fair  proportion  was  stemmy,  but  it  was  backward  ;  and  with 
these  characters  there  is  a  low  percentage  of  Woody-fibre  in 
the  Dry  substance.  The  Dry  substance  of  the  produce  by 
ammonium-salts  alone,  whose  Graminaceous  stems  were  com- 
paratively ripe,  but  which  contained  a  very  large  proportion  of 
leaf,  contained  at  the  same  time  a  comparatively  small  propor- 
tion of  the  "  woody-fibre."  The  produce  by  Mineral  manures 
alone,  consisted  of  a  good  deal  of  non-Graminaceous  herbage,  and 
the  Graminaceous  herbage  comprised  a  considerable  proportion 
of  leaf,  though  its  stems  were  comparatively  ripe.  With  these 
characters,  the  percentage  of  the  "woody-fibre"  in  the  Dry 
substance  was  comparatively  low.  Where  the  mixed  mineral 
manure  and  ammonium-salts  were  used  tocjetlier,  the  produce 
was,  comparatively,  somewhat  unripe;  but  it  was  almost  entirely 
Graminaceous,  and  in  very  large  proportion  stemmy,  and  coin- 
cidently  there  is  a  comparatively  large  proportion  of  the  u  woody- 
fibre  "  in  the  Dry  substance.  The  produce  by  farm-yard  manure 
was  in  a  still  larger  proportion  stemmy  ;  but  it  contained  also  a 
considerable  proportion  of  non- Graminaceous  herbage.  The 
result  was,  that  its  Dry  substance  contained  a  comparatively 
high  percentage  of  the  "  woody-fibre,"  but  not  quite  so  high  as 
that  where  the  mineral  manure  and  ammonium-salts  were  used, 
and  the  produce  was  more  exclusively  Graminaceous. 
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Adopting  the  experimental  indications  which  have  been  re- 
corded, as  the  most  trustworthy  which,  in  the  existing  condition 
of  our  knowledge  on  the  points  in  question,  could  be  supplied, 
the  result  upon  the  whole  would  appear  to  be,  that,  on  tie  one 
hand,  a  generally  low  condition  of  elaboration  of  succulent  pro- 
duce may  still  be  associated  with  a  high  proportion  of  com- 
paratively indurated,  and  therefore  probably  innutritions  Cellular 
matter,  in  its  dry  substance.  On  the  other  hand,  comparing  the 
produce  by  different  manures,  in  one  and  the  same  season,  the 
more  Graminaceous,  the  more  stemmy,  and  the  riper,  the  higher 
will  be  the  proportion  of  the  comparatively  indurated  Woody  or 
Cellular  matter. 

6.— Fatty  Matter. 

In  the  analysis  of  animal  and  vegetable  food-stuffs,  it  is  usual 
to  estimate  as  " Fatty  Matter"  that  portion  which  is  dissolved 
out  from  the  dried  substance  by  means  of  Ether.  In  the  case 
of  animal  substances,  or  of  ripened  vegetable  ones,  such  as  grain, 
the  substance  so  determined  does  generally  represent  a  fatty 
matter  of  high  respiratory  and  fat-forming  capacity.  Not  so, 
however,  in  the  case  of  crude,  unripened,  vegetable  produce. 
In  fact,  in  such  produce,  the  so-called  fatty  matter,  separated 
merely  by  extraction  with  ether,  is  largely  contaminated  with 
waxy  and  green  colouring  matter,  a  considerable  proportion  of 
which  passes  from  the  animal  in  its  solid  excrements.  A  rela- 
tively large  proportion  of  such  impure  fatty  substance  can  hardly 
be  regarded,  therefore,  as  an  advantage.  Still,  it  is  useful  to 
ascertain  the  amount  of  such  matter,  if  it  be  only  that,  by  a 
careful  consideration  of  the  conditions  of  growth,  and  other 
admitted  qualities  of  the  hay  yielding  the  larger  or  the  smaller 
proportions  of  it,  we  may  be  the  better  able  to  form  a  valid 
decision,  whether  or  not  the  substance  in  question  is  likely  really 
to  indicate  the  high  condition  of  elaboration  of  the  constituents, 
which  a  large  proportion  of  pure  fatty  matter  might  be  supposed 
to  do.  A  further  reason  for  determining  the  amount  of  this 
substance,  notwithstanding  that  we  consider  it  of  such  doubtful 
value,  is  the  fact,  that  this  mode  of  analysis  has  been  adopted 
with  apparent  confidence  by  most  of  our  predecessors ;  whilst 
an  accurate  separation  of  the  several  bodies  which  compose  this 
Ether-extract,  would  have  increased  the  labour  of  analysis  beyond 
that  which  it  was  practicable  to  devote  to  it.  Nor,  is  the 
quantity  of  this  impure  Fatty  matter  in  hay  so  large,  as  to  render 
the  differences  in  its  amount  of  much  importance  in  any  other 
point  of  view,  than  as  indicating  the  general  character  and  con- 
dition of  the  produce. 

The  method  adopted  by  M.  Segelcke,  in  his  determination! 
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e  crude  fatty  matter,  was  to  pass  ether  through  a  dried  and 
led  portion  of  the  finely  ground  hay,  until  it  came  through 
rless.  For  this  purpose,  he  devised  an  apparatus,  by  means 
ich  the  ether  was  continuously  distilled  from  the  extract, 
epassed  through  the  substance.  At  the  end  of  the  first 
nent  in  this  way,  that  is,  when  the  ether  passed  through 
rless,  the  substance  was  re-dried  in  the  water  bath,  and 
submitted  to  a  second  extraction  in  the  ether-apparatus. 
)ther  was  finally  distilled  from  the  total  ether-extract ;  and 
dmaining  green  fatty  matter  was  dried  in  a  water  bath,  until 
longer  lost  weight. 

Dm  what  has  already  been  said  of  the  character  of  the  "  Fatty 
3r,"  the  quantity  of  which  in  the  respective  hays,  was  deter- 
d  by  the  methods  just  described,  it  would  be  useless  to  go 
much  detail  as  to  the  amounts  found  in  the  different  speci- 
.  It  is  the  less  desirable,  too,  to  do  so,  as  the  circumstances 
extent  of  its  occurrence  will  be  sufficiently  brought  to  light, 
king  the  summary  view  of  the  composition  of  the  different 
with  which  we  now  propose  to  conclude  our  Report.  The 
idual  determinations  of  the  Fatty  matter  will  be  found  in 
)  IX.  in  the  Appendix ;  and  the  mean  percentages  of  it  are 
died  with  those  of  the  other  constituents  in  Table  XVII., 
lich  attention  is  next,  and  lastly,  to  be  directed. 

7. — Summary  of  the  Composition  of  the  Hay. 

Table  XVII.  is  given  a  summary  view  of  the  collective 
K>sition  of  the  specimens  of  hay  grown  in  the  Third  Season 
8),  on  those  plots  the  produce  of  which  was  selected  for  the 
lical  separations.  In  the  upper  Division  of  the  Table,  the 
mtages  of  the  several  constituents  in  the  fresh  hay  as  carted 
the  land,  are  given.  In  the  middle  Division,  the  percentages 
le  Dry  substance  of  the  hay  are  given.  And  in  the  lowest 
3ion,  is  a  summary  statement  of  the  general  description  of 
herbage  on  the  respective  plots.  The  means  are  thus 
ded,  of  considering  the  chemical  composition  of  the  re- 
live hays,  in  connection  with  the  other  known  characters  of 
herbage.    The  constituents  given  are : — 

1st.  Nitrogenous  substance. 

2nd.  Fatty  matter. 

3rd.  Woody-fibre. 

4th.  Other  non- nitrogenous  vegetable  compounds. 

5th.  Mineral  matter. 

6th.  Total  Dry  substance. 

7th.  Water. 
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A  tew  brief  remarks  should  first  be  made,  as  to  the  character 
of  the  several  substances  represented  in  the  above  enumeration. 

Nitrogenous  substance. — The  most  practicable  and  usual  mode 
of  getting  at  an  approximate  estimate  of  the  total  amount  of 
Nitrogenous  compounds,  in  vegetable  or  animal  food-stuffs,  is  to 
determine  the  amount  of  nitrogen,  and  calculate  from  it  the 
amount  of  Nitrogenous  substances,  on  the  assumption  that  they 
consist  of  the  so-called  proteine  compounds.  Adopting  this 
assumption,  the  amount  of  Nitrogen  has  only  to  be  multiplied  by 
6*3,  to  give,  very  nearly,  the  amount  of  Nitrogenous  proximates 
that  it  would  represent.  This  is  the  method  which,  from  con- 
venience, we  have  adopted.  From  what  has  been  said  under  the 
head  of  Nitrogen,  however,  it  will  be  obvious,  that  this  mode  of 
estimation  affords,  more  particularly  in  the  case  of  succulent  and 
unripened  produce,  at  best  but  an  uncertain  indication  of  the 
amount  of  elaborated  and  nutritive  Nitrogenous  compound.  The 
so-calculated  Nitrogenous  substance  may,  in  fact,  not  only  include 
a  quantity  of  matter  in  a  low  condition  of  elaboration,  but  even 
ammonium-salts.  It  will  be  understood,  therefore,  with  what 
degree  of  reservation  the  recorded  amounts  of  "nitrogenous 
substance  "  must  be  taken,  as  indicating  the  probable  amounts 
of  nutritive  proteine  compounds. 

Fatty  matter. — The  substance  given  under  the  head  of  Fatty 
matter,  includes,  as  has  been  already  explained,  a  quantry  of 
waxy  and  green  colouring  matter,  and  must  not  be  taken,  there- 
fore, as  representing  pure  Fatty  matter  of  high  respiratory  and 
fat-forming  capacity. 

Woody-fibre. — It  will  be  borne  in  mind,  that  the  substance 
recorded  as  Woody-fibre,  is  not  supposed  to  include  the  whole  of 
the  Cellular  matter  in  its  various  modifications ;  but  only  that 
amount  of  it  which  seems  to  possess  a  certain  fixed  degree  of 
persistence,  on  the  application  of  such  solvents  as  are  required 
to  remove  the  other  compounds.  It  is  possible,  however,  that  at 
any  rate  the  easily  changeable,  and  easily  dissolved  portions  of 
the  Cellular  substance,  may  be  amenable  to  the  digestive  organs 
of  animals. 

Other  non-nitrogenous  matters. — The  substances  put  down  as 
other  non-nitrogenom  matters,  are  all  those  which  remain  after 
deducting  the  " Nitrogenous  substance," the  "Fatty  matter," and 
the  "  Woody-tibre,"  as  above  defined,  and  also  the  "  Mineral 
matter."  They  comprise  probably  starch,  dextrine,  gam,  sugar, 
and  certain  extractive  mattei-s.  They  will  also  include  so  much 
of  the  more  easily  changeable  Cellular  substance,  as  may  have 
been  dissolved  by  the  re-agents  required  to  remove  all  the  other 
matters,  in  the  process  adopted  for  separating  and  estimating  that 
portion  which  is  recorded  as  4 *  Woody-fibre."  The  characters,  and 
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the  feeding  capacity,  of  the  substances  grouped  together  under 
this  head  of  other  non-nitrogenons  matters,  will  probably  depend 
much  upon  the  condition  of  the  hay.  The  worse  the  condition 
of  the  hay,  the  greater  probably  will  be  the  proportion  of  them, 
which  will  consist  of  the  ill-defined  "  extractive  matters." 

Mineral  matter. — The  so-designated  Mineral  matter,  is  that 
which  remains  as  ash,  on  the  incineration  of  the  hay.  It  is 
needless  to  say  that  Mineral  constituents  are  essential  in  the 
food  of  animals.  In  most  vegetable  foods,  however,  they  gene- 
rally exist  in  a  larger  proportion  to  the  other  constituents  than 
they  are  probably  required ;  and  hence  their  large  amount  in 
any  food  is  no  criterion  of  high  feeding  value.  On  the  contrary, 
as,  in  comparable  cases,  a  high  percentage  of  Mineral  matter  is 
generally  coincident  with  a  low  degree  of  elaboration  of  the 
collateral  vegetable  substances,  the  smaller  percentage  among 
a  series  of  specimens  of  produce  of  like  description,  will  most 
probably  be  associated  with  a  higher  relative  feeding  capacity. 

The  proportions  of  these  several  constituents,  in  the  hay 
grown  by  the  different  manures,  may  now  be  briefly  noticed. 

The  unmanured  hay  contained  a  notable  proportion  of  Legumi- 
nous, and  other  non-Graminaceous  herbage ;  and  the  Grasses  them- 
selves were  stunted.  Under  these  circumstances,  the  Dry  substance 
of  the  hay  contained  a  medium  percentage  of  the  calculated 
Nitrogenous  compounds,  and  comparatively  a  very  small  propor- 
tion of  the  estimated  Woody-fibre.  Comparing  the  produce  of  one 
manuring  condition  with  that  of  another,  in  one  and  the  same 
season,  a  low  percentage  of  indurated  Woody-fibre  indicates 
greenness  and  immaturity.  Coincidently  with  this,  the  unmanured 
hay  shows  a  relatively  high  amount  of  the  impure  Fatty  matter. 

The  produce  grown  by  ammonium-saMs  atone,  contained  a 
very  high  percentage  of  Nitrogenous  compounds,  or  at  least  of 
Nitrogen  in  some  form.  This  was  due,  it  will  be  remembered, 
not  to  a  large  amount  of  Leguminous  herbage,  but  to  the  condi- 
tion of  the  almost  exclusively  Graminaceous  hay,  which  was 
stunted,  dark  green,  leafy,  and  backward.  The  Dry  substance  of 
the  hay  having  these  characters,  at  the  same  time  contained  only 
a  small  proportion  of  the  comparatively  stable  Cellular  or  Woody 
matter ;  but  it  had  the  highest  amount  of  any  in  the  series  of 
the  green  impure  Fatty  matter.  The  fact,  that  the  highest  per- 
centage of  this  merely  ether-extracted  substance,  was  found  in 
this  stunted,  dark-green,  leafy,  and  backward  produce,  may  per- 
haps be  taken  as  some  indication,  that  a  relatively  high  amount 
of  Fatty  matter  as  so  determined,  in  succulent  produce,  does  not 
really  represent  a  high  amount  of  pure  fat  of  the  high  feeding 
capacity  which  that  substance  is  assumed  to  possess. 

The  produce  by  mineral  manure  alone,  which  contained  the 
highest  proportion  of  uy\^  of  \jfc^xs\\\v^\»WbagBnneveTthelett 
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contained  but  a  moderate  percentage  of  Nitrogenous  compounds. 
This  arose  from  the  fact,  that  the  grasses,  which  still  constituted 
by  far  the  largest  proportion  of  the  produce,  though  meagre  and 
stunted  in  growth,  were  still  comparatively  forward.  With  these 
characters,  the  percentage  of  the  so-called  Woody-fibre  is 
comparatively  high,  and  that  of  the  impure  Fatty  matter  is 
comparatively  low. 

The  produce  of  the  plot  manured  with  the  mineral  manure  and 
the  smaller  amount  of  ammonium-salts  was  bulky,  almost  wholly 
Graminaceous,  and  very  stemmy.  Consistently,  the  dry  substance 
of  this  hay  contained  a  low  proportion  of  Nitrogenous  compounds, 
the  lowest  amount  of  any  in  the  series  of  the  green  Fatty  matter, 
and  a  high  percentage  of  the  more  fixed  Cellular  substance. 

The  mineral  manure  together  with  the  double  and  excessive 
amount  of  ammoniwrir'8alts,ga,ve  an  over-luxuriant,  succulent,  and 
unevenly  ripened,  but  stemmy  and  almost  exclusively  Gramina- 
ceous produce.  To  the  former  characters  may  be  attributed  a 
very  high  percentage  of  the  calculated  Nitrogenous  compounds ; 
and  to  the  latter  a  somewhat  low  percentage  of  the  impure 
Fatty  matter,  and  a  high  one  of  the  Woody-fibre.  The  percentage 
of  the  green  Fatty  matter  is,  however,  as  would  be  expected, 
higher  than  in  the  produce  grown  by  the  mineral  manure  and 
the  smaller  amount  of  ammonium-salts.  The  remainder,  desig- 
nated as  "other  non-nitrogeneous  matters,"  is  less  in  this 
over-luxuriant  produce  than  in  any  of  the  other  cases. 

The  produce  by  farm-yard  7nanure  alone,  comprised  a  moderate 
proportion  of  Leguminous  and  other  non-Graminaceous  herbage ; 
but,  on  the  other  hand,  its  Graminaceous  herbage  was  in  very 
large  proportion  in  the  condition  of  flowering  and  seeding  stem. 
Consequently,  the  Dry  substance  of  the  hay  contained  a  low 
percentage  of  the  Nitrogenous  compounds,  a  low  percentage  of  the 
impure  Fatty  matter,  and  a  high  percentage  of  the  Woody-fibre. 

The  hay  grown  by  farmr-yard  manure  amd  ammoniumr-salts 
together,  comprised  a  larger  proportion  of  non-Graminaceous 
herbage,  than  that  grown  by  farm-yard  manure  alone ;  but,  the 
Graminaceous  herbage  itself  was  in  as  great  a  proportion  stemmy. 
The  result  was  a  hay  containing  in  its  dry  substance,  a  consider- 
ably higher  proportion  both  of  the  calculated  Nitrogenous  com- 
pounds and  of  the  impure  Fatty  matter,  and  at  the  same  time  a 
Ugh  percentage  of  the  Woody-fibre. 

The  general  result,  comparing  the  produce  by  the  different 
manures  in  one  and  the  same  season,  seems  to  be,  that  the  more 
tihe  produce  is  Graminaceous,  the  more  it  goes  to  flower  and  seed, 
mid  the  more  it  is  ripened,  the  higher  will  be  the  percentage  of 
eiry  substance  in  the  hay.  Under  the  same  circumstances,  the 
ligher  will  be  the  percentage  of  the  comparatively  m&vjLTate&^w^ 
therefore  probably  effete,  Cellular  matter  ot  u  WooAy-j\Ve  \" 
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the  lower  will  be  that  of  the  calculated  nitrogenous  compounds,  of 
the  impure  green  fatty  matter,  and  of  the  mineral  matter  in  the 
Dry  substance.  On  the  other  hand,  a  large  proportion  of  the 
non-Graminaceous  herbage,  over-luxuriance,  succulence,  a  large 
proportion  of  leaf,  and  unripeness,  are  likely  to  be  associated 
with  a  small  proportion  of  the  more  refractory  or  effete,  Cellular  or 
Woody-matter,  but  with  a  large  one  of  nitrogenous  substance  in  a 
questionable  degree  of  elaboration,  a  large  one  of  impure  fatty 
matter  of  doubtful  nutritive  capacity,  and  a  large  one  of  the 
mineral  matter  also,  in  the  Dry  substance  of  the  hay. 

This  subject  obviously  throws  open  a  wide  field  for  future 
investigation.  And,  if  we  consider,  not  only  the  very  complex 
character,  in  so  many  points  of  view,  of  the  substance  included 
under  the  term — hay,  but  also  the  inadequacy  of  the  data,  although 
so  copious,  which  we  have  collected  and  recorded  in  the  course 
of  our  long  Paper,  it  will  be  at  once  apparent,  that  it  would  be 
inconsistent  with  a  proper  spirit  of  inquiry,  to  attempt  to  do 
more  than  draw  attention  to  the  prominent  indications,  and 
leading  directions,  of  the  experimental  evidence  that  has  been 
adduced.  There  will,  nevertheless,  be  much  really  gained,  if  a 
clear  idea  be  conveyed  of  the  multiplicity  of  circumstances,  upon 
which  must  depend  the  proportion,  and  relative  feeding  value, 
of  the  various  chemical  compounds  of  which  the  complex  pro- 
duce is  made  up.  It  will,  then,  be  understood — and  it  is  very 
important  that  it  should  be — that  even  supposing  there  were  no 
question  as  to  the  proper  relationship  to  one  another,  of  the 
different  elaborated  compounds  in  our  stock-foods,  it  would  still 
be  impracticable  to  get  a  true  and  unconditional  estimate  of 
comparative  feeding  value  of  crude  vegetable  substances,  by  the 
simple  determination  of  the  percentage  amount  of  one  or  two 
important  constituents,  as  is  frequently  assumed  to  be  sufficient 
for  that  purpose.  The  next  step  in  advance  in  these  inquiries 
can  only  be  attained,  when  our  knowledge  of  the  proximate  com- 
pounds,  of  lower  or  of  higher  condition  of  elaboration,  into  which 
the  ultimate  constituents  of  our  food-stuffs  are  grouped,  has  been 
much  extended,  and  when  the  digestibility,  and  applicability  to 
the  purposes  of  the  system ,  of  these  various  proximate  compounds, 
have  been  experimentally  determined. 


[For  the  general  conclusions  in  regard  to  the  other  separate 
Sections  of  the  subject  into  which  our  Report  has  been  divided, 
see  concluding  portions  of  Parts  I.,  II.,  and  III.,  at  pages  22-4, 
41-2,  and  67-8,  respectively.] 
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Unmanured  ...                                  •  •   

Unmanured  (duplicate  plot)    j 

Calculated  Means  of  Unmanured  

2000  lbs.  Sawdust   

200  lbs.  each,  Sulphate  and  Muriate  Ammonia   

200  lbs.  each,  Sulphate  and  Muriate  Ammonia,  and  2000  lbs.  Sawdust  

275  lbs.  Nitrate  of  Soda   

550  lbs.  Nitrate  of  Soda   

Sbbies  2.— With  Direct  Mineral  Manure. 

M  Mixed  Mineral  Manure  "  *   

"  Mixed  Mineral  Manure,"  and  2000  lbs.  Sawdust   ... 

"  Mixed  Mineral  Manure,"  and  200  lbs.  each,  Sulphale  and  Muriate  Ammonia  ... 
"  Mixed  Mineral  Manure,"  200  lbs.  each,  Sulphate  and  Muriate  Ammonia,  and  1 

2000  lbs.  Sawdust   / 

"  Mixed  Mineral  Manure,"  200  lbs.  each,  Sulphate  and  Muriate  Ammonia,  and  1 

2000  lbs.  Cut  Wheat-Straw   / 

"  Mixed  Mineral  Manure,"  and  400  lbs.  each,  Sulphate  and  Muriate  Ammonia  ... 

"  Mixed  Mineral  Manure,"  and  275  lbs.  Nitrate  of  Soda   

"  Mixed  Mineral  Manure,"  and  550  lbs.  Nitrate  of  Soda  

SERIES  3  — With  Farmyard  Manure. 

14  Tons  Farmyard  Manure   ,  ... 

14  Tons  Farmyard  Manure,  and  100  lbs.  each,  Sulphate  and  Muriate  Ammonia  ... 
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EPORT  OF  EXPERIMENTS  ON  THE  GROWTH  OF 
RED  CLOVER  BY  DIFFERENT  MANURES. 


Part  I. 

sw  questions  in  connexion  with  agriculture  have  excited  more 
ention,  or  have  been  the  subject  of  a  greater  variety  of  ex- 
inations,  than  the  failure  of  Red  Clover.  It  certainly  seems 
newhat  strange  that,  whilst  some  of  our  farm  crops  can  be 
>wn  year  after  year,  or  in  pretty  close  succession,  on  the  same 
id  for  a  considerable  period  of  time,  and,  for  what  we  yet 
dw  to  the  contrary,  continuously,  others  will  only  succeed  when 
ne  years  have  elapsed  since  the  same  description  of  crop  was 
>wn. 

In  works  on  agriculture  the  failure  of  Clover  is  accounted  for 
a  great  number  of  ways,  among  which  the  following  assumed 
uses  may  be  mentioned  : — 
Exhaustion  of  the  soil ; 

The  growth  of  parasitic  plants,  which  strike  their  roots  into 

the  clover  and  exhaust  its  juices  ; 
Destruction  by  insects ; 

The  injurious  influences  arising  from  the  matter  excreted 
by  the  roots  of  the  former  crop,  or  from  the  decay  of  the 
roots  themselves ; 

The  growth  of  the  young  plant  under  the  shade  of  a  corn 
crop. 

Although  the  Clover  crop  may  be  found  to  suffer  from  more 
*n  one  of  the  above-enumerated  causes,  the  phenomena  which 
esent  themselves  are  nevertheless  by  no  means  satisfactorily 
plained  ;  and,  so  far  as  prevention  is  concerned,  our  knowledge 
pretty  nearly  limited  to  that  of  the  fact,  that  the  only  chance 
growing  the  crop  with  success  is  to  allow  a  certain  number 
years  to  elapse  before  repeating  it  on  the  same  land.  We 
ve  experimented  for  some  years  on  the  subject  with  a  view  to 
Certain,  if  possible,  by  what  means  the  crop  can  be  grown 
fcr  after  year  on  the  same  land.    In  this  we  have  not  been  suc- 
ttful.    Still  it  is  thought  that  a  short  account  of  the  course 
rsued,  and  of  the  results  obtained,  may  be  of  service,  by  show- 
T  some  of  the  difficulties  involved  in  the  inquiry,  and  by 
liting  or  indicating  the  direction  of  future  investigations. 
Experiments  on  this  farm  have  satisfactorily  shown  that  some 
the  crops  which  are  generally  grown  in  rotation,  will  yield  a 
ge  amount  of  produce  year  after  year  on  the  same  land^ow 
plication  of  certain  constituents  as  manure.   TYma,     ^«xV  c!i 
*  aame  field,  in  which  the  experiments  on  CVovei  now  \xv  cja«*- 
i  were  made,  has  grown  barley  for  ten  year*  Vn  saccewm 
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and  on  some  plots  large  crops  have  always  been  obtained.  In 
J-i ke  manner,  in  an  adjoining  field,  wheat  has  been  successfully 
gr*"»^arn  for  seventeen  years  consecutively.    Nor  is  there  at  present 
any  -thing  in  the  results  to  lead  to  the  supposition  that  these  crops 
m  i  ^5~ht  not  be  so  grown  continuously  for  a  century.    The  results 
o>f     somewhat  similar  experiments  with  Clover  are  very  different, 
'tie  records  we  are  about  to  give  will  show. 
1  an  1847  a  heavy  crop  of  Swedish  turnips  was  grown  by  farm- 
rarcl  manure  and  superphosphate  of  lime,  a  large  proportion  of 
^i*-  i  ^h  was  carted  from  the  land.  In  1848  barley  and  Red  Clover 
sown ;  and  in  the  spring  of  1849  four  acres  were  set  apart 
ox-      experiment.    These  were  divided  into  a  number  of  plots', 
^Ix.  i  ^h  were  manured  as  shown  in  Table  I. 

-*^k.s  our  object  in  the  present  short  communication  is  to  do 
more  than  call  attention  to  the  great  variety  of  conditions 
*~^^X  «r  which  the  Clover-plant  has  failed,  we  shall  not  enter,  on 
occasion,  into  any  detailed  examination  of  the  action  of  the 
^^lous  manures,  in  regard  either  to  the  amount  of  produce  ob- 
*~»«d  under  the  different  circumstances  of  season  and  manuring, 
~~  the  chemical  composition  of  the  plant.    It  will  be  sufficient 

>oint  out,  that,  in  every  case,  the  crop  of  this  first  year  of  the 
X^eriment  was  a  very  large  one  ;  amounting,  in  three  cuttings,  to 
it  14  tons  of  fresh  green  produce,  equal  to  about  3f  tons  of 
without  the  addition  of  manure  of  any  kind ;  and  where 
jy*^X>late  of  potash,  sulphate  of  potash  and  superphosphate  of 
lv*-«~*e,  or  sulphates  of*  potash,  soda,  and  magnesia,  were  em- 
P^yed,  17  to  18  tons  of  green  produce  (equal  to  from  about 
7I«   *o  nearly  5  tons  of  hay),  per  acre  were  obtained.    When  to 
t**o  xnineral  manures  were  added  those  salts  of  ammonia  which 
Steady  increase  the  produce  of  our  Cereal  crops,  the  pro- 
of  this  Leguminous  plant  was  upon  the  whole  less  than 
7^ere  the  mineral  manures  were  used  alone.     It  will  be  seen 
that  the  rape-cake  (Series  3)  gave  a  smaller  crop  than  either 
e  mineral  manures  alone,  or  the  mineral  manures  together  with 
^oniacal  salts. 

,  "^ft©r  the  third  cutting  of  Clover  (1849)  had  been  taken  from 
?    l«md,  it  was  ploughed  up  and  sown  with  wheat,  about  the 
y^^ile  of  November,  without  any  further  manuring.    The  pro- 
aP^-~— corn,  straw,  &c. — is  given  in  Table  II. 
k      'Will  be  observed  that  the  weight  per  bushel  of  corn,  of  this 
5^-t-crop,  scarcely  in  any  case  reached  58  lbs. ;  and  in  its  case,  as 
]Jf       ^»  in  that  of  an  adjoining  experimental  field,  the  proportion 
QY  ^0rn  to  straw  was  rather  low.    The  wheat  grown  after  the 
^^^r  on  the  unmanured  plot  gave,  however,  29J  bushels  of  corn, 
i  bushels  more  than  was  obtained  in  the  adjoining  field, 

wheat  was  grown  after  wheat  without  manure.  Tlaa 
™J/**H  is  quite  consistent  with  that  obtained  m  ot&ynktj  fem- 
*^*°tfce.    It  should  be  observed,  however,  that  in  t\\e  \M\m«oxff«^ 
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rop  of  1849,  very  much  larger  quantities  both  of  mineral 
nts  and  of  nitrogen  were  taken  off  the  land,  than  were 

in  the  unmanured  wheat-crop  in  the  same  year,  in  the 
r  field  ;  and  it  is  seen  that,  notwithstanding  this,  the 

which  the  Clover  had  been  taken,  was  in  a  condition  to 
3ushels  more  wheat  per  acre  than  that  upon  which  wheat 

previously  grown. 

j  salts  of  ammonia  had  been  applied,  in  addition  to  the 
manures,  for  the  Clover  of  1849,  there  was  an  average 
2  bushels  more  wheat  per  acre  in  1850,  than  where  the 
.-salts  had  not  been  supplied. 

mparing  the  amount  of  produce  of  wheat  in  these  experi- 
rith  that  obtained  in  the  adjoining  field  on  the  plots 
rge  quantities  of  both  mineral  and  nitrogenous  manures 
ployed,  there  is  every  reason  to  believe  that  it  would 
n  considerably  greater  had  the  season  been  more  favour- 
or,  as  it  was,  the  yield  after  the  Clover,  was  fully  equal 
n  the  other  field  where  very  large  amounts  of  manure 
d.  It  would  appear,  therefore,  that  the  crop  had  reached 
of  development  which  the  characters  of  that  particular 
Imitted  of. 

spring  of  1850,  Red  Clover  was  sown  upon  the  young 
jut  after  the  removal  of  the  corn-crop,  it  was  considered 
e  was  not  a  sufficient  plant  of  Clover  to  stand.  It  was, 
,  ploughed  up,  re-manured,  and  re-sown  with  Clover,  as 
1  below. 

ime  mineral  manures  as  were  applied  for  the  Clover-crop 
were  re-sown  on  the  same  spaces — that  is,  both  on  the 
ich  before  received  mineral  manure  alone,  and  on  those 
ad  received  both  mineral  manure  and  ammoniacal-salts. 
lication  of  ammoniacal  salts  was,  however,  not  repeated  ; 
>rder  to  secure  a  greater  variety  of  manuring,  a  portion 
ots  which  had  before  been  dressed  with  mineral  manure 
eries  1  of  Tables  I.  and  II.),  and  an  equal  portion  of 
merly  manured  with  both  mineral  manure  and  ammo- 
ilts  (Series  2  of  Tables  I.  and  II.),  were  now  manured 
compost  of  dung  and  lime  (in  addition  to  the  newly- 
mineral  manures),  at  the  rate  of  15  tons  of  farmyard- 
and  60  bushels  of  fresh  lime,  per  acre.  The  dung  and 
e  mixed,  and  then  clamped  on  the  respective  plots,  some 
ore  being  spread  and  ploughed  into  the  land.  The 
this  experiment  was  to  get  a  more  rapid  decomposition 
ing,  with  possibly  the  formation  of  certain  organic  com- 
somewhat  of  the  nature  of  humus  or  its  derivatives, 
lar  reasons  the  portion  of  the  experimental  land  manured 
;-cake  in  1849,  was  now  divided,  and  manured  with  soot ; 
•t  and  lime ;  or  with  soot,  lime,  tVie  m\xe&  *XtaX\e** 
sphatc  of  lime. 


ammoniacal-salts  having  been 
Series  4.  With  soot,  soot  and 
mixed  mineral  manure  ;  thes 
with  rape-cake  in  1849. 
With  these  explanations,  the  dete 
applied,  and  of  the  produce  obtai 
be  at  once  understood.    It  may  be 
of  the  plots  of  Series  1,  2,  and  3, 
with  clay-ashes)  were  sown  on  . 
same  day  the  dung  and  lime  wen 
plots  of  Series  2 ;  the  mineral  mi 
Series  2,  being  mixed  with  the  dui 
sown  at  once  as  in  the  other  cas 
lime  were  turned  over  on  the  lOt 
April  28.     The  manures  of  Seri 
mixed  into  heaps  on  the  respectiv 
sown  February  3.    The  whole  of  t 
diately  after  spreading  the  dung  i 
being  brought  to  a  proper  tilth,  Re< 
May  8,  in  rows  8  inches  apart.  1 
the  crop  was  cut  on  September  3. 
and  produce  are  given  in  Table  III. 

It  was  not  to  be  expected  that  t 
tember,  from  seed  sown  only  on  M 
be  in  any  way  equal  to  that  yielded 
the  case,  in  die  spring  of  the  precec 
seen  that  rVio  t**«-™*- —  /irM 
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Instead  therefore  of  three  Series  of  plots  as  formerly,  the  expe- 
rimental land  was  now  divided  into  four  Series,  as  under : — 
Series  1.  With  mineral  manure  alone  (excepting  on  Plot  I.), 
as  in  1849. 

Series  2.  With  mineral  manure  (excepting  on  Plot  I.),  and  a 
mixture  of  farmyard-manure  rotted  with  lime,  in  addition ; 
half  of  each  plot  having,  in  1849,  the  mineral  manure  alone, 
and  the  other  half  the  mineral  manure  and  ammoniacal- 
salts. 

Series  3.  With  mineral  manure  alone  (excepting  on  Plot  I.), 
ammoniacal-salts  having  been  also  applied  in  1849. 

Series  4.  With  soot,  soot  and  lime,  or  soot,  lime,  and  the 
mixed  mineral  manure  ;  these  plots  having  been  manured 
with  rape-cake  in  1849. 

With  these  explanations,  the  detailed  statement  of  the  manures 
applied,  and  of  the  produce  obtained,  given  in  Table  III.,  will 
be  at  once  understood.  It  may  be  added,  however,  that  on  most 
of  the  plots  of  Series  1,  2,  and  3,  the  mineral  manures  (mixed 
with  clay-ashes)  were  sown  on  January  25,  1851.  On  the 
same  day  the  dung  and  lime  were  mixed  and  clamped  on  the 
plots  of  Series  2 ;  the  mineral  manures  of  Plots  V.  and  VI., 
Scries  2,  being  mixed  with  the  dung  and  lime,  instead  of  being 
sown  at  once  as  in  the  other  cases.  The  heaps  of  dung  and 
lime  were  turned  over  on  the  10th  of  February,  and  spread  on 
April  28.  The  manures  of  Series  4  (soot,  lime,  &c.)  were 
mixed  into  heaps  on  the  respective  plots  on  January  27,  and 
sown  February  3.  The  whole  of  the  land  was  ploughed  imme- 
diately after  spreading  the  dung  and  lime,  on  April  28 ;  and, 
being  brought  to  a  proper  tilth,  Red  Clover  seed  was  drilled,  on 
May  8,  in  rows  8  inches  apart.  The  plants  came  up  well,  and 
the  crop  was  cut  on  September  3.  The  details  of  the  manuring 
and  produce  are  given  in  Table  HI. 

It  was  not  to  be  expected  that  the  produce  obtained  in  Sep- 
tember, from  seed  sown  only  on  May  8  of  the  same  year,  would 
be  in  any  way  equal  to  that  yielded  from  seed  sown,  as  is  usually 
the  case,  in  lie  spring  of  the  preceding  year.  Accordingly,  it  is 
seen  that  the  maximum  crop  (Plot  7,  Series  2)  amounted  to 
only  5  tons  9£  cwts.  of  green-clover,  equal  to  about  1  ton  6  cwts. 
of  hay. 

On  comparing  the  produce  of  Plots  1,  2,  and  3,  of  Series  1, 
2,  and  3,  with  that  of  Plots  4,  5,  and  6,  of  the  same  Series, 
it  will  be  seen  that  the  crop  on  the  latter  was  about  double 
that  on  the  former;  the  Plots  4,  5,  and  6,  which  thus  give 
so  much  the  higher  amounts  of  produce,  being  those  which 
received  as  mineral  manure — sulphate  of  potash,  and  superphos- 
phate of  lime — su\pWtea  of  ^nfaakt  soda,  and  magnesia— or 
sulphates  of  potash,  soda,  m\  w*\  ^^x^W^hate  of 

lime  together.  ^ 
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The  dung  and  lime  (Series  2),  and  soot  and  lime  (Series  4), 
produced  but  very  little  effect  The  greatest  increase  obtained 
by  the  addition  to  the  mineral  manures  of  the  dung  and  lime 
compost  (at  the  rate  of  15  tons  of  dung  and  60  bushels  of  lime 
per  acre),  beyond  the  produce  from  the  corresponding  mineral 
manures  used  alone,  was  only  equal  to  4  or  5  cwts.  of  hay. 

In  the  autumn,  after  the  crop  was  cut,  the  plant  grew  remark- 
ably well,  and  was  very  regular  throughout  the  plots.  It  was 
therefore  left  without  further  treatment  during  the  winter  of 
1851-2. 

Those  who  have  paid  attention  to  the  spread  of  disease  in 
Clover,  on  land  which  is  said  to  be  "clover-sick,"  will  have 
observed  that,  however  luxuriant  the  plant  may  be  in  the  autumn 
and  winter,  it  will  show  signs  of  failure  in  March  or  April,  the 
spread  and  final  limit  of  the  disease  being,  however,  subject  to 
great  variation.  In  the  month  of  March,  1852,  symptoms  of 
failure  became  apparent  on  many  of  the  experimental  plots.  It 
was  quite  plain  however  that  the  spread  of  the  disease  was  much 
more  extensive  and  rapid  on  some  of  them  than  on  others.  And, 
since  such  a  great  variety  of  manures  had  been  employed,  it  was 
thought  very  desirable  to  determine  the  effect  of  the  different 
conditions  of  growth  so  provided,  in  aggravating,  or  lessening,  the 
progress  of  the  failure.  Accordingly,  on  April  15,  when  the 
disease  had  extended  pretty  nearly  to  its  limits,  and  the  surviving 
plants  were  showing  vigorous  growth,  a  plan  of  the  plots,  with 
the  patches  where  tie  plant  had  died  off,  carefully  laid  down  by 
measurement,  was  made,  of  which  the  annexed  Diagram  is  a 
copy. 

The  black  lines  show  the  division  of  the  plots  at  the  time  the 
plan  was  taken.  The  dotted  line,  along  the  centre  of  the  plots 
marked  Series  2,  shows  the  division  between  the  portion  which 
was  manured  with  ammonia-salts  in  1849,  and  that  which  was 
not  so  manured.  As  already  described,  the  plots  of  "  Series  2," 
of  1851  and  afterwards,  to  which  farmyard-manure  and  lime  were 
then  applied,  comprised  a  portion  of  land  on  each  side  of  the 
line  indicated  on  the  plan  by  this  dotted  line ;  that  is  to  say,  a 
portion  which  had,  and  a  portion  which  [had  not,  been  manured 
with  ammonia-salts  in  1849.  The  shaded  portions  show  the 
patches  where  the  Clover-plant  had  died  off. 

On  the  first  glance  at  the  Diagram,  it  is  seen  that  the  plots 
which  had  not  been  manured  with  either  farmyard-manure,  am- 
monia-salts, or  rape-cake  (Series  1),  were  by  far  the  freest  from 
disease.  The  next  in  order  in  this  respect  was  that  half  of 
Series  2  indicated  below  the  dotted  line ;  that  is  to  say,  the  por- 
tion of  the  dung  and  lime  plots  which  had  not  been  manured 
with  ammonia-salts  in  1849.  The  other  half  of  the  plots  of 
Series  2,  namely,  the  ykjtUom  vj\i\*\i\*&A  t*s&\n«&  ammonia-salts  in 
J  849  the  plots  of  Sefiea  o,  N*\i\c\i\aaA^»  to^y^^xs^^^n* 


PLOT    I  . 


PLOT    I  . 
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1 1849 — and  those  of  Series  4,  which  had  been  manured  with 
ke  in  that  year,  all  show  a  very  great  failure  of  the  plant 
is,  however,  equally  clear,  that  the  Plots  4,  5,  and  6  of  these 
ies  (with  die  exception  of  Plot  6,  Series  4)  were  much  less 
"  than  Plots  1,  2,  and  3  of  the  same  Series ;  that  is  to  say, 
cragh  the  ammonia-salts  and  the  rape-cake  seemed  to  have 
irided  conditions  in  the  soil  very  injurious  to  the  healthy 
relopment  of  the  Clover,  the  sulphate  of  potash,  and  super- 
state of  lime  (Plots  4),  and  the  sulphates  of  potash,  soda, 
magnesia,  both  without  and  with  superphosphate  of  lime 
lots  5  and  6),  obviously  greatly  mitigated  the  injury,  whilst  they 
almost  to  have  prevented  it,  ujp  to  the  date  now  in  question, 
iere  they  were  used  without  either  ammonia-salts  or  rape- 
Tie. 

In  some  cases,  as  will  be  readily  seen  from  the  number  and  the 
of  the  patches,  the  produce  was  considerably  reduced  by  the 
But  there  was  still,  upon  the  whole,  a  good  plant 
tig,  and  such  variety  of  result  in  regard  to  the  disease, 
ording  to  the  manure  employed,  that  it  was  thought  quite 
th  while  to  continue  the  experiment.  Acordingly,  the  crop 
cut  on  June  24  (1852),  fresh  manures  were  applied  on  June 
J,  and  a  second  crop  was  cut  August  29.  In  Table  IV.  are 
jiven  the  amounts  of  produce  obtained  at  the  first  cutting,  the 
^description  and  amount  of  the  manure  sapplied,  and  the  amount 
jjrf  produce  at  the  second  cutting. 

.  rhe  produce  of  the  first  cutting  of  the  Clover,  in  1852,  is  given 
in  the  first  two  columns  of  the  Table  (IV.).  It  will  be  seen  that 
it  is  in  no  case  equal  in  amount  to  2  tons  of  hay  per  acre.  On 
comparing  the  amount  of  crop  on  the  plots  of  one  Series  with  that 
on  those  of  another,  it  is  seen  that  it  is  generally  the  highest  where 
[only  the  mineral  manures  were  used,  that  is,  in  Series  1.  It  is 
the  next  best  in  Series  2,  where,  in  addition  to  mineral  manures, 
;dlWg  and  lime  had  been  used  in  1851.  It  is  less  in  Series  3, 
where,  with  the  same  mineral  manures  in  1851,  as  in  Series 
1  and  2,  ammonia-salts,  with  or  without  mineral  manures, 
had  been  employed  in  1849 ;  and  it  is  the  worst  in  Series  4, 
where  rape-caKe  had  been  supplied  in  1849,  and  soot,  lime,  &c, 
in  1851.  The  results  within  each  Series,  however,  show  a  greater 
produce  where  sulphate  of  potash  and  superphosphate  of  lime, 
the  " mixed  alkalies,"  and  the  "mixed  alkalies"  and  super- 
phosphate of  lime  together,  were  employed. 

There  was  then,  as  before,  some  benefit  arising  from  the  use 
of  mineral  manures,  especially  those  which  contained  potash  and 
phosphoric  acid.  And  as  the  object  of  the  experiments  was  to 
ascertain  whether  by  liberal  manuring,  and  especially  by  a  supply 
of  the  mineral  constituents  which  die  Clover  crop  removes  so 
largely  from  the  soil,  it  were  possible  to  grow  cwj  ^«ax  *&et 
jfjgw  on  the  same  Jand,  an  abundant  top-Axemrv*  oi  mvwstA  cssi*> 
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stituents  was  applied  on  June  28  (1852),  after  the  removal  of 
the  first  cutting.  The  second  division  of  the  Table  (IV.)  shows 
the  description,  and  amount,  of  the  manures  employed  ;  and  the 
third  division  the  amount  of  crop  obtained  on  August  29. 

The  produce,  after  the  heavy  dressing  of  mineral  manure  upon 
the  removal  of  the  first  cutting,  is  seen  to  be,  in  every  case,  small. 
In  only  two  instances  is  it  equal  to  more  than  a  ton  of  hay  per 
acre,  namely,  on  Plot  4,  Series  1  and  2 ;  that  is,  where  sulphate 
of  potash  and  superphosphate  of  lime  were  applied.  In  all  the  Se- 
ries, however,  the  effect  of  the  potash,  and  of  the  potash  and  phos- 
phate .together,  is  more  or  less  marked.  In  fact,  notwithstanding 
that  this  was  the  third  season  of  Clover  in  four  years,  the  produce 
with  these  manures,  taking  the  two  cuttings  of  1852  together,  was, 
in  several  cases,  equal  to  from  2£  to  3  tons  of  hay  per  acre. 

A  good  deal  of  the  plant  stood  tolerably  well  during  the  winter 
of  1852-3,  but  almost  all  died  off  in  the  spring.  The  land  was 
therefore  ploughed  up,  and  fresh  Red  Clover-seed  drilled  in 
April,  in  rows  20  inches  apart,  in  order  to  admit  of  the  use  of 
the  horse-hoe.  The  plant  came  up  very  weak  ;  there  was  no 
crop  worth  cutting  in  the  autumn  ;  and  nearly  the  whole  died 
off  during  the  winter  of  1853-4.  * 

In  the  spring  of  1854,  the  land  was  again  ploughed  up,  and 
allowed  to  remain  fallow  until  September.  The  whole  piece 
consisted  of  15  "  lands,"  each  13  feet  3  inches  wide,  divided 
into  6  lengths,  forming  the  6  "  Plots  "  numbered  from  1  to  6  respec- 
tively, in  the  Tables.  It  was  now  divided  into  three  widths  only, 
of  5  lands  each,  represented  in  subsequent  Tables  as  Series  1,  2, 
and  3.*  One  of  these  (Series  1),  the  whole  length  of  the  6  plots 
of  course,  was  left  unmanured  ;  the  second  (Series  2)  was  manured 
with  20  tons  of  farmyard  manure  down  the  whole  length  of  the 
6  plots ;  and  the  third  (Series  3),  also  throughout  the  6  plots,  was 
manured  with  20  tons  of  farmyard  manure,  and  5000  lbs.  of 
freshly  burnt  lime,  per  acre.  These  were  ploughed  in  on  Septem- 
ber 25, 1854,  and  Clover-seed  was  drilled  on  October  10.  Plants 
just  came  up,  but  all  died  off  during  the  winter  of  1854-5. 

Clover-seed  was  again  drilled  on  April  14,  1855,  at  the  rate 
of  20  lbs.  per  acre,  without  further  manure.    The  following 

*  The  Plots  designated  in  Tables  III.  and  IV.  as  Series  1,  2,  and  3,  consisted 
of  four  lands  each  ;  and  those  as  Series  4,  of  three  lands,  each  running  the  length 
of  the  six  Plots  which  had  either  no  mineral  manure,  or  one  of  the  five  different 
descriptions  enumerated  in  the  Tables.  Under  the  new  arrangement,  Series  1 
(now  to  be  unmanured)  includes  the  four  lands  of  the  former  Series  1,  which 
from  the  beginning  were  manured  with  mineral  manures  only,  and  one  land  of 
the  former  Series  2,  which  had  the  dung  and  lime  applied  in  1851 ;  Series  2  (now 
to  be  manured  with  farmyard  manure  alone)  includes  the  remaining  three  lands  of 
the  former  Series  2,  ana  two  lands  of  the  former  Series  3,  which,  besides  the 
several  dressings  of  mineral  manures,  was  manured  in  1849  with  ammonia  salts ; 
and  Series  8  (now  to  receive  farmyard  manure  and  freshly  burnt  Ume\  YKta&s& 
the  two  remaining  lands  of  the  former  Series  3,  and.  U\e  <A  tana** 

Series  4,  which  latter  (besides  the  mineral  manures  aa  «u*«ke^  towomk^ 
"with  npe-cak€in  1849,  and  with  soot,  lime,  &c.  \n 
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Table  (V.)  shows  the  manures  applied  in  1854,  and  the  produce 
of  Clover  obtained  in  September,  1855,  without  manure  since 
1854,  but  after  a  second  and  heavy  sowing  of  seed. 

Experiments  on  the  Growth  of  Kkd  Clover  by  Different  Manures. 

Table  Y. — Showing  the  Manures  applied  in  1854,  and  the  Produce  of 
Clover,  obtained  in  September,  1855,  from  Seed  sown  in  April  of  that  year, 
after  the  failure  of  Seed  sown  in  April,  1853,  and  in  October,  1854. 
Sixth  Season,  1855. 


Plot. 
Nos, 

MANURES  per  Acre. 
Pat  on  September  25, 1854. 

PRODUCE  OF  CLOVER  per  Acre, 
September,  1855. 

Weight  Fresh, 
as  Cat. 

Weight  calculated 
a*  Hay. 

Series  1. 

1 

2 
3 
4 
5 
6 

tons.  cwts.  qm.  lbs. 
17    3  6 
1    14    3  2 

1  13    1  26 
3    11    2  26 

2  16    1  18 

3  18    0  6 

tons.  cwts.  qre.  lbs. 
0     4     2  14 
0     5     3  4 
0     5     0  18 
0    11      3  21 
0     9      1  15 
0    12     3  26 

Series  2. 

1 
2 
3 
4 
5 
6 

4  12    2  2 
3    14    0  4 
3    15    1  2 

5  6    0  8 
5     4    3  16 
5    12    3  2 

0    19    3  22 
0    15    3  24 

0  16    0  26 

1  2    3  13 
1      2    2  13 
14  18 

Series  3. 

1 

2 
3 
4 
5 
6 

20  tons  Farmyard  Manure,  and  5000  Ids. 

✓ 

4     13  6 

2  17    2  10 
13     6    2  4 

3  12    3  12 
•  4     3    2  2 
|  3     5    0  22 

1      0    0  16 
0    14    0  20 
0    16    1  15 
0    17    3  21 
10    2  7 
0    16    0  6 

The  figures  in  the  Table  show  that  the  produce  in  this  sixth 
season  of  the  attempt  to  grow  Clover  continuously  on  the  same 
land,  and  after  two  years  of  entire  failure,  was  in  every  case 
small.  Comparing  Series  with  Series,  the  crop  is  the  best  where 
the  farmyard  manure  alone  was  employed  ;  the  next  best,  where 
the  Farmyard  manure  and  Lime  were  used ;  and  it  was  the  worst 
where  no  manure  was  now  employed,  and  where,  for  the  most 
part,  mineral  manures  alone  had  previously  been  employed. 
Still,  comparing  the  results  within  each  Series,  there  is  again 
evidence  of  some  increase  on  those  nlots  which  had  formerly 
received  manures  containing  potash,  pliosplumfc  waL 
The  plant  of  1855  died  oK  ycy 
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ploughed  up  and  allowed  to  remain  fallow  during  1856 

spring  of  1858,  it  was  decided  to  take  a  crop  of  Barley, 
manure,  before  making  any  further  attempt  to  grow 
It  was,  however,  not  thought  worth  while  to  determine 
uce  of  Barley  on  each  of  the  many  differently  manured 
lots  separately.  Accordingly,  only  the  main  divisions, 
jed  by  the  Series  1,  2,  and  3,  of  1854  and  1855,  were 
The  produce  of  Barley,  per  acre,  over  each  of  these 
lions  of  land,  is  shown  in  Table  VI. 

knts  on  the  Growth  of  Red  Clover  by  Different  Manures. 

, — Showing  the  Manures  applied  for  Glover  in  1854,  and  the 
b  of  Barley  in  1858,  after  the  removal  of  a  small  Crop  of  Clover  in 
le  Sixth  Season),  and  a  Fallow  in  1856  and  1857. 


PRODUCE  OF  BARLEY  per  Acre,  &c.,  in  1858. 


MANURES 
tor  Acre,  for  Clover,  In  1854. 

Dressed 
Goto. 

Weight 
per  Bushel 
of  Dressed 
Corn. 

Total 
Corn. 

Total 
Straw, 
&c 

Total 
Produce. 
(Corn  and 
Straw). 

Series  1. 

bosh.  pks. 

lbs. 

lbs. 

lbs. 

lbs. 

58  0 

52*0 

3181 

3417 

6598 

Series  2. 

tons  Farmyard  Manure  . . 

65  2 

52*  0 

3562 

4016 

7578 

Series  3. 

mw  Farmyard  Manure,  and 
00  lbs.  fresh-burnt  Lime 

64  0 

52-5 

3486 

3738 

7224 

bviouft,  that  although  the  land  was  incapable  of  yielding  a 
led  Clover,  it  embraced  all  the  conditions  requisite  for 
notion  of  a  very  luxuriant  crop  of  Barley.    Ti\e  taweaX 
that  on  the  plots  of  Series  1,  of  this  "  cXoncmy^" 
quarters  of  Barley  per  acre,  of  52  lbs.  -weV^&X.  ^ev\*03^^- 
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The  highest  produce*  that  on  the  plots  of  Series  2,  where  the 
Farmyard  manure  alone  had  been  applied  in  1854,  was  about  8J 
quarters ;  and  that  where  the  Farmyard  manure  and  Lime  were 
used  together  (in  1854),  was  just  8  quarters  of  Barley,  weighing 
52£  lbs.  per  bushel. 

After  growing  this  luxuriant  crop  of  Barley,  one  more  attempt 
to  grow  Clover  was  made,  but  without  any  farmer  manuring,  in 
the  spring  of  1859,  Clover-seed  was  sown,  without  a  corn  crop ;  but 
by  a  mistake  of  the  seedsman,  Cow-grass,  instead  of  Red  Clover, 
was  sent,  and  the  error  was  only  discovered  when  it  was  too  late 
for  correction.  The  crop  was  cut  in  September.  The  amount 
of  produce  on  each  plot  is  recorded  in  Table  VII.  which  now 
follows : — 

Experiments  on  the  Growth  of  Clover  by  Different  Manures. 

Table  VII. — Showing  the  Manures  applied  for  Clover  in  1854,  and  the 
Produce  of  Clover  in  1859,  after  the  removal  of  a  small  Crop  of  Clover  in 
1855  (the  Sixth  Season),  Fallow  in  185(5  and  1857,  and  after  removing  a 
Crop  of  Barley  in  1858. 


Plot, 
No*. 

MANURES 
Per  Acre,  for  Clover,  In  1854. 

PRODUCE  OF  CLOVER  per  Acre, 
September,  1859. 

Weight  Freeh, 
•a  Cat 

Weight  calculated 
as  Hay. 

Series  1. 

1 

2 
3 
4 
5 
6 

too*,  cwta.  qre,  lbs. 

2  9    1  22 

3  5    2  8 
3     13  8 
3    10    8  8 

3  12    2  22 

4  4  18 

tone.  cwtt.  qra.  U». 

0  17    1  18 

1  0    3  11 
1      1    0  11 

12  3  8 

13  2  3 
1      7    1  14 

Series  2. 

1 

2 
3 
4 
5 

6' 

1 20  tons  Farmyard  Manure  i 

V 

3  13    8  8 

4  2    1  22 
4    11    1  22 
4     5    1  22 
4    11    8  8 
4     6   2  8 

18  17 
1     4    1  19 
I     7   0  10 
16  11 
18    3  1 
1      7   2  24 

Series  3. 

l 

2 
3 

•7- 

f 

20  tons  Farmyard  Manure,  and  5000  lbs. 

\ 

4    18    2  21 
4    10    1  8 

4  15   0  22 

5  5  18 
5     0   8  8 

^     *  *  4 

1     7   3  16 
15   3  2 
1     7    1  10 
1     8   %  IS 
1     9   0  11 
1    10   3  6 
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As  in  the  case  of  the  last  crop  of  Clover,  that  of  1855,  the  year 
after  the  heavy  dressing  of  Farmyard  manure  on  one-third,  and  oi 
Farmyard  manure  and  Lime  on  another  third  of  the  experimental 
land,  the  so-manured  portions,  again,  in  1859,  yield  a  some- 
what larger  crop  than  the  corresponding  plots  of  Series  1,  which 
had  no  such  application.  The  plots  of  each  Series,  however, 
yield  somewhat  more  produce  in  1859,  than  they  did  in  1855. 
Hie  crops  are,  however,  in  all  cases,  insignificant,  being  gene- 
rally equal  to  not  much  more  than  1  ton  of  hay  per  acre ;  but 
there  is  still  slight  indication  of  improvement  where  the  mineral 
manures  containing  potash,  or  potash  and  phosphoric  acid,  had 
been  liberally  employed  in  the  earlier  years  of  the  experiment 

The  plant  continued  to  look  tolerably  well  throughout  a  good 
part  of  the  winter  (1859-60),  but  as  the  spring  advanced  it  died 
off  rapidly,  and,  at  the  time  we  write,  the  end  of  June,  the  small 
proportion  of  the  original  plants  that  still  survive  have  a  very 
stunted  and  unhealthy  appearance. 

From  the  numerous  results  which  have  been  recorded,  in  the 
foregoing  pages,  of  experiments  in  which  Clover  has  been  sub- 
mitted to  a  very  great  variety  of  manurial,  and  other  conditions 
of  growth,  it  is  evident  that  no  direct  supply  of  manure,  in  the 
ordinary  form  of  farmyard  dung,  or  of  the  current  artificial 
manures,  is  capable  of  restoring  the  soil  from  which  a  heavy  crop 
of  Clover  has  been  taken,  to  a  condition  of  immediate  productive- 
ness for  the  same  crop.  In  the  experiments  in  question,  not  even 
the  most  complex  conditions,  and  the  repeated  supply  of  those 
constituents  which  are  found  most  to  increase  the  Clover-crop 
when  it  is  grown  in  the  usual  manner,  after  an  interval  of  several 
years,  have  restored  the  Clover-yielding  capabilities  which  the 
soil  possessed  at  the  commencement  of  the  experiment,  in  1849. 

Before  entering  upon  any  consideration  of  the  probable  causes 
of  the  failure  of  the  Clover  in  the  experiments  which  have  been 
already  described,  it  will  be  well  to  give  the  results  of  some 
experiments  conducted  on  a  small  scale  in  the  kitchen-garden 
at  Rothamsted.  The  soil  was  in  ordinary  garden  cultivation, 
and  has  probably  been  so  for  two  or  three  centuries.  Early  in 
1854,  of  an  acre  (about  9f  square  yards)  was  measured  off  and 
sown  with  Red  Clover,  on  March  29.  From  that  time  to  the  end 
of  1859,  fourteen  cuttings  have  been  taken,  without  any  re-sowing 
of  seed.  In  1856,  this  little  plot  was  divided  into  three  equal 
portions.  Of  these,  No.  1  has  been  kept  continuously  without 
manure ;  No.  2  was  manured  with  gypsum ;  and  No.  3  with 
sulphates  of  potash,  soda,  and  magnesia,  and  superphosphate  of 
lime.  Table  VIII.  shows  the  amount  of  produce  obtained,  both 
greeny  as  cut,  and  calculated  as  hay,  per  acre  ;  but  a&  v^ts* 
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allotted  to  each  experiment  was  so  extremely  small,  the  results 
must  by  no  means  be  taken  as  absolutely  correct  They  can, 
indeed,  be  only  looked  upon  as  rough  approximations ;  but,  as 
such,  they  may  be  trusted  as  indicating  the  large  amount  of  pro- 
duce of  Clover  that  has  been  taken  from  this  garden  soil,  and  as 
affording  some  idea  of  the  relative  amount  of  produce  under  the 
three  different  conditions  of  manuring. 

The  estimated  total  amount  of  green  Clover  obtained  in  six 
years  from  this  garden  soil,  without  further  manure,  is  about 
126  tons  per  acre— equal  to  about  26£  tons  of  hay,  or  to  an 
average  of  nearly  4J  tons  of  Clover-hay,  per  acre,  per  annum. 
The  produce  was  considerably  increased  by  the  application  of 
gypsum,  and  still  more  so  by  that  of  the  sulphates  of  potash, 
soda,  and  magnesia,  and  superphosphate  of  lime.  In  four  years, 
the  increase  by  the  use  of  gypsum  amounted  to  about  15 J  tons 
of  green  Clover,  or  about  tons  of  hay — nearly  1  ton  of  hay 
per  acre  per  annum.  The  increase  in  the  four  years,  by  the  use 
of  the  alkalies  and  phosphate,  is  estimated  to  amount  to  28f 
tons  of  green  produce,  or  rather  more  than  6J  tons  of  hay — 
equal  to  nearly  If  tons  increase  of  hay  per  acre  per  annum. 

It  is  worthy  of  remark,  that  it  was  in  some  of  the  very  same 
seasons  in  which  these  heavy  crops  of  Clover  were  obtained  from 
the  garden-soil,  even  though  grown  year  after  year,  and*  without 
fresh  seed,  that  we  entirely  failed  to  get  anything  like  a  moderate 
crop  of  Clover  in  the  experimental  field,  only  a  few  hundred  yards 
distant  The  failure  in  the  latter  case  would,  therefore,  appear 
to  be  connected  with  the  conditions  of  soil  in  relation  to  the 
plant,  rather  than  to  those  of  the  atmosphere. 

We  now  come  to  another  and  not  very  satisfactory  part  of  our 
task ;  namely,  that  of  endeavouring  to  seek,  among  the  various 
causes  of  Clover-failure  which  have  been  suggested,  for  some 
explanation  of  the  signal  failure  of  the  crop  in  our  experimental 
field. 

The  comparison  of  the  results  in  the  garden  with  those  in  the 
field,  seems  to  lead  to  the  exclusion  of  some  of  the  reasons  enu- 
merated in  the  early  part  of  our  Paper,  as  having  been  brought 
forward  to  account  for  the  Clover  failure.  It  may  be  well,  how- 
ever, to  make  a  few  passing  remarks  on  some  of  them. 

With  regard  to  the  attacks  of  Insects : — Those  who  have  ex- 
amined the  plants  on  a  field  of  Clover  failing  in  the  ordinary  way, 
will  probably  sometimes  have  found  a  small  insect  in  those  plants 
which  are  beginning  to  show  signs  of  dying  off  It  is  generally 
found  near  the  junction  of  the  root  and  crown.  Now,  as  ex- 
perience teaches  us  that  the  plant  seldom  suffers  serious  injury  if  a 
sufficient  munbex  oi  year*  baa  elapsed  since  Clover  was  grown 

before, 
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before,  it  would  appear  that  the  prevalence  of  the  insect,  and  its 
consequent  injury  to  the  plant,  is  the  result,  rather  than  the  original 
cause,  of  the  diseased  condition.  In  fact,  it  is  probable  that  the 
success  of  the  attack  of  the  insect  upon  the  plant,  may  be  mainly 
due  to  the  weak  or  unhealthy  condition  of  growth  of  the  latter ; 
and  that,  had  the  plant  been  perfectly  vigorous,  the  insect  would 
not  be  so  freely  developed,  or  its  injury  would  at  least  be  more 
successfully  resisted. 

Excrementitious  Matters. — There  is  evidence  of  various  kinds 
to  show  that  plants  give  out  certain  substances  by  their  roots 
to  the  soil.  It  is  not  probable,  however,  that  any  mineral 
constituents  which  may  be  so  rejected  during  the  growth  of 
one  Clover-crop,  are  prejudicial  to  the  growth  of  a  similar  crop 
on  the  same  land  for  a  number  of  years  to  come.  If  the  failure 
of  the  Clover-plant,  when  repeated  too  soon  upon  the  same  land, 
be  due  at  all  to  the  excrementitious  matters  left  by  the  former 
crop,  it  is  much  more  probable  that  the  injury  is  in  some  way 
connected  with  the  organic  matters  which  have  been  rejected. 
Unfortunately,  we  are  not  yet  able  by  the  aid  of  chemistry  to 
distinguish  those  organic  compounds  of  the  soil  which  are  con- 
vertible into  the  substance  of  the  growing  plant,  and  those 
which  are  not  so.  Nor  do  we  know  how  far  the  excreted 
organic  matters  may  be  necessary  complimentary  products 
in  the  formation  of  some  of  the  essential  constituents  of  the 
plant.  Experience  teaches  us  that  when  a  crop  of  Clover 
is  eaten  by  sheep  folded  upon  the  land,  animals  dislike  the 
growth  which  immediately  succeeds.  It  might  be  inferred, 
therefore,  that,  in  such  a  case,  the  plant  had  taken  up  from  the 
soil,  certain  matters  which  it  had  not  finally  elaborated.  Whether 
these  organic  substances  would,  in  process  of  time,  be  converted 
into  living  plant-matter,  or  whether  they  would  wholly,  or  in  part, 
be  rejected  as  excrementitious  organic  compounds,  to  undergo  in 
the  soil  certain  chemical  changes  before  being  adapted  for  plant- 
food,  we  are  not  able  to  determine. 

In  connexion  with  this  question,  of  whether  or  not  the  failure 
of  the  Clover-crop  be  due  to  the  injurious  influence  of  excremen- 
titious organic  matters,  left  by  the  last  crop  of  the  same  kind, 
attention  may  be  called  to  the  fact,  that  in  the  case  of  the  failure 
in  our  field  experiments,  two  years  of  fallow,  and  one  year  of 
barley,  intervened  between  the  poor  crop  of  Clover  in  1855,  and 
the  almost  equally  poor  one  in  1859.  A  priori,  we  should  certainly 
be  disposed  to  think,  that  any  deleterious  matters  left  in  the  soil 
by  the  Clover-crop  of  1855  would,  under  the  circumstances  in 
Question,  have  undergone  pretty  complete  decomposition  daring 
tne  three  succeeding  years.  At  the  same  time,  it  should  be  re- 
membered that,  in         the  plant  of  Clover  suffered  very  much 
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more  where  Rape-cake,  or  Salts  of  Ammonia  had  been  applied  in 
1849,  than  where  mineral  manures  only  had  been  employed. 

Exhaustion  of  the  Soil. — Some  of  the  plots  in  the  experimental 
Clover-field  have  doubtless  been  subjected  to  great  exhaustion  of 
certain  constituents,  by  the  removal  of  the  whole  of  the  produce, 
without  adequate  restoration  by  manure.  On  others,  however, 
there  has  been  considerable  accumulation  of  constituents.  Cal- 
culation shows,  indeed,  that,  on  many  of  the  plots,  there  have 
been  much  larger  quantities  of  every  "mineral"  constituent 
supplied  in  the  manures,  than  have  been  removed  in  the  total 
produce,  during  the  entire  period  of  the  experiments.  Of 
certain  organic  constituents,  however,  including  nitrogen,  more 
has  been  taken  off  in  the  crops  than  has  been  supplied  in  the 
manures.  But  if,  in  the  cases  in  question,  the  produce  grown 
without  manure,  be  deducted  from  that  grown  with  it,  it  then 
appears,  that  the  manures  have  provided  very  much  more,  not 
only  of  the  mineral  constituents,  but  of  nitrogen  also,  than  was 
contained  in  the  increase  due  to  the  manures.  It  cannot  be 
supposed,  therefore,  that,  in  the  instances  here  referred  to,  any  of 
the  ultimate  elements  of  the  crop  could  be  wanting. 

It  should  be  remembered,  too,  that  in  some  of  the  experi- 
ments mineral  manures  alone  were  employed,  in  others  mineral 
manures  and  ammonia  salts,  and  in  others  large  quantities  of 
farmyard  dung,  mineral  manures,  and  ammonia  salts,  and  so  on ; 
so  that  the  proportions,  and  conditions  of  combination,  in  which 
the  different  constituents  were  supplied,  were  very  variable. 

How  then  are  we  to  account  for  the  fact,  that  whilst,  under 
the  conditions  described,  the  Clover-plant  would  not  grow 
healthily  in  the  experimental  field,  we  have  been  able  to  cut 
fourteen  crops  from  seed  sown  six  years  ago  in  a  garden  only 
a  few  hundred  yards  distant  ?  Are  we  to  suppose,  simply,  that 
the  ultimate  constituents  required  by  the  Clover,  were  more 
abundantly  available  to  the  plant  in  the  garden  soil  ?  or  is  it 
that  they  there  existed  in  different  states  of  combination  ?  It  will 
not  be  out  of  place  to  make  a  few  observations  bearing  upon  the 
latter  supposition. 

According  to  Mulder,  who  has  investigated  the  organic  com- 
pounds of  the  soil,  the  vegetable  matters,  rich  in  carbon,  decom- 
posing in  the  soil,  go  through  a  gradationary  series  of  changes 
before  being  entirely  converted  into  carbonic  acid.  He  supposes 
the  intermediate  compounds  to  constitute  a  series  of  acids,  which 
combine  with  ammonia,  and  with  fixed  bases,  in  the  soil,  forming 
so  many  organic-acid  salts.  Now,  if  we  were  to  suppose  that 
some  plants  (Clover  for  example)  required  for  healthy  growth  a 
certain  proportion  of  their  food  to  be  presented  to  them  in  the 
form  of  such  carbon-compounds,  more  complex  than  caxbouLc 
acid,  and  perhaps  combined  with  ammonia,  vie  ifcxo\A<i  fttea  ^dr 
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more  easily  comprehend  why  it  should  be  necessary  for  a  certain 
period  of  time  to  intervene  before  again  cultivating  certain  crops 
on  the  same  land  ;  for,  we  could  easily  understand  that  this  might 
be  requisite  for  the  gradual  formation  and  accumulation  of  a 
sufficient  amount  of  the  compounds  in  question. 

Whatever  may  be  the  precise  chemical  character  of  the  carbon 
compounds  of  the  soil,  more  complex  than  carbonic  acid,  there  are 
numerous  facts  in  horticulture,  and  even  in  agriculture,  leading  to 
the  supposition  that  some  plants  take  up  a  part  at  least  of  their 
carbon  from  some  other  form  of  combination  than  carbonic  acid. 

In  one  of  our  experimental  fields  we  have  grown  very  large 
crops  of  wheat  for  17  consecutive  years,  without  the  supply,  by 
manure,  of  a  single  ounce  of  carbon.  The  crops  have  been  consider- 
ably greater  on  some  plots  where  no  carbon  has  been  supplied  in  the 
manure,  than  on  others  to  which  it  had  been  very  largely  supplied. 
There  are,  indeed,  good  reasons  for  supposing  that  carbonic  acid 
is,  at  any  rate,  the  chief,  if  not  the  exclusive  source,  of  the  carbon 
of  many  of  the  plants  yielding  food  largely  to  man  and  other 
animals — which,  by  their  respiration,  return  so  much  carbonic 
acid  to  the  atmosphere.  Were  it  not  so,  as  forests  make  way 
for  the  growth  of  food,  the  proportion  of  carbonic  acid  in  the 
atmosphere  would  gradually  increase.  The  cultivation  of 
the  cereal  crops,  which  enter  so  largely  into  the  food  of  man 
and  other  animals,  seems  admirably  adapted  for  preserving  the 
equilibrium  in  the  composition  of  the  atmosphere  ;  for  an  acre  of 
wheat  will  decompose  as  much,  or  more,  carbonic  acid,  liberating 
a  corresponding  amount  of  oxygen,  as  an  acre  of  the  forest  which 
it  may  have  supplanted. 

Provided  the  soil  yield  a  sufficient  supply  of  the  necessary 
mineral  constituents,  the  amount  of  carbonic  acid  decomposed 
by  a  cereal  crop  over  a  given  area,  will  very  much  depend 
upon  the  amount  of  nitrogen,  in  an  available  condition  of  com- 
bination, and  distribution,  within  the  soil.  But  the  direct  supply 
of  nitrogen  to  the  soil  in  the  form  of  ammonia,  which  so  much 
increases  the  vigour  of  growth  of  Graminaceous  crops  generally, 
and  consequently  the  amount  of  carbon  which  the  phmts  will 
assimilate  from  carbonic  acid,  so  far  from  effecting  the  same  result 
in  the  case  of  Leguminous  crops,  is  generally  injurious  to  them. 
.  In  the  early  years  of  our  experiments,  both  upon  Clover  and  upon 
Beans,  the  application  of  the  fixed  alkalies  as  manure,  and  espe- 
cially of  potash,  caused  a  considerably  increased  assimilation  of 
both  carbon  and  nitrogen  over  a  given  area ;  whilst  the  direct  use  of 
ammonia-salts,  which  are  so  efficacious  in  the  case  of  our  Grami- 
naceous crops,  had  either  little  or  no  such  effect,  or  was  more 
frequently  inj  urious,  in  the  case  of  these  Leguminous  crops.  Where 
the  supply  of  mineral  cotvalvtweuts  is  sufficiently  kept  up,  the 
supply  of  ammonia  is  as  effiic\eiv\.  ta  eve*  \n  aflM&D%^he  wheat 
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growing  in  the  experimental  field  to  assimilate  an  increased  amount 
>f  carbon  from  carbonic  acid.  The  alkalies,  potash,  &c.,  have 
leased  to  be  as  useful  as  manures  for  the  Leguminous  crops,  as 
they  were  at  the  commencement  of  the  experimental  period  ;  yet, 
io  far  as  the  atmosphere  is  a  source  of  constituents  to  these  plants, 
its  supplies  must  be  the  same  now  as  formerly.  The  decline  in 
the  beneficial  influence  of  the  potash,  &c.,  would  appear,  there- 
fore, to  be  connected  with  some  defective  condition  within  the  soil. 

If  we  were  to  assume  that  the  Leguminous  plants  required  a 
certain  portion  of  their  organic  food  to  be  supplied  to  them  in  the 
form  of  certain  organic  compounds  in  the  soil,  it  is  evident  that 
the  beneficial  action  of  the  potash,  &c,  would  cease  when  these 
organic  compounds  were  no  longer  available.  On  this  assump- 
tion, too,  it  would  seem  intelligible,  on  the  one  hand,  that  an 
ordinary  soil  should  require  a  considerable  period  of  time  after 
the  growth  of  a  Leguminous  crop,  to  become  again  fertile  for 
the  same  crop,  and— on  the  other,  that  a  garden  soil,  liberally 
manured  with  organic  matter,  perhaps  for  centuries,  should 
rapport  a  considerable  number  of  such  crops  in  succession. 

It  is  further  worthy  of  remark,  in  connexion  with  the  beneficial 
iction  of  the  alkalies  as  manures  for  Leguminous  crops,  and  with 
he  supposition  that  these  crops  may  require  a  portion  of  their 
jrganic  food  in  the  form  of  certain  carbon  compounds  which  are 
more  complex  than  carbonic  acid,  that  it  is  chiefly  by  the  aid 
>f  the  alkalies  that  the  organic  compounds  of  the  soil  are  rendered 
loluble.  On  recently  cleared  lands  in  America,  where  there 
is  such  a  great  accumulation  of  vegetable  remains,  the  em- 
ployment of  ashes,  and  of  gypsum,  as  top-dressings  for  Clover, 
lias  been  attended  with  remarkable  success.  Vegetable  ashes 
tiave  been  found  to  be  beneficial  to  the  crop  in  this  country  also, 
which,  independently  of  the  mere  supply  of  potash,  &c,  may  be 
partly  due  to  the  action  above  referred  to.  Gypsum,  however,  is 
by  no  means  to  be  depended  upon  as  a  manure  for  Clover  in  this 
country.  The  action  of  gypsum  has  been  very  variously  ex- 
plained upon  high  authority.  The  following  distinct  explanations 
ire  on  record,  namely  : — that  it  serves  as  a  supply  of  sulphuric 
icid — that  it  serves  as  a  supply  of  lime — that  it  serves  as  a  supply 
>f  sulphur — and  that  it  serves  for  the  fixation  of  ammonia.  It  is 
perhaps  not  less  likely  that  its  beneficial  action  may  be  con- 
nected with  changes  in  the  organic  matters  of  the  soil.  M.  Risler 
bas  indeed  shown,  that  an  aqueous  solution  of  gypsum  will  take 
up  more  organic  matter  from  soil,  than  will  water. 

We  are  far  from  asserting  that  there  is  evidence  enough  to 
ihow  that  the  failure  of  Clover,  when  grown  too  frequently  on  the 
lame  land,  is  altogether  due  to  the  want  of  a  sufficient  supply  of 
certain  organic  compounds  in  the  soil.  At  the  same  time^  we 
think  that  the  facts  of  horticultural  and  agdcukowX  ^tc^Oac^ 
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well  as  the  evidence  of  direct  experiment,  must  lead  to  the  con- 
clusion, that  the  view — that  the  organic  compounds  of  the  soil 
are  only  valuable  to  plants  as  a  source  of  carbonic  acid — requires 
modification.  It  is,  indeed,  probable,  that  some  plants  derive  a 
considerable  amount  of  their  substance  from  carbon  compounds 
other  than  carbonic  acid,  and  that  others  depend  for  their  carbon 
mainly,  if  not  exclusively,  upon  carbonic  acid. 

Those  of  our  crops  which,  in  the  course  of  cultivation,  are 
subjected  to  pretty  natural  conditions  of  growth,  and  which 
accumulate  the  greater  portion  of  their  substance  during  the 
period  at  which  the  sun's  rays  are  known  to  be  most  power- 
ful in  influencing  the  decomposition  of  carbonic  acid  by  plants, 
appear  to  depend  chiefly  on  that  source  for  their  carbon.  Those, 
on  the  other  hand,  which  are  grown  under  somewhat  abnormal 
conditions,  and  which  store  up  a  large  amount  of  succulent  pro- 
ducts of  a  comparatively  low  degree  of  elaboration,  are  probably 
partly  dependent  on  other  carbon  compounds,  yielded  by  the 
soil.  The  Leguminous  crops,  again,  though  generally  coming 
more  within  the  former  than  the  latter  category,  still  seem  to  be 
dependent,  for  luxuriant  growth,  more  or  less  upon  a  supply, 
within  the  soil,  of  complex  organic  compounds. 

But  whatever  may  be  the  precise  result  to  which  investigation 
may  lead,  in  regard  to  the  questions  here  involved,  it  may,  at 
any  rate,  be  pretty  safely  affirmed,  that  we  shall  not  arrive  at 
the  true  explanation  of  the  phenomena  upon  which  depend  some 
of  the  most  striking  advantages  of  a  rotation  of  crops,  until  we 
are  better  able  than  at  present,  to  define  the  relations  of  the 
different  crops  to  the  different  sources  of  carbon,  and  of  nitrogen. 

The  practical  conclusions  from  the  inquiry  may  be  very  briefly 
stated : — 

When  "land  is  not  what  is  called  "  clover-sick,"  the  crop  of 
Clover  may  frequently  be  increased  by  top-dressings  of  manure 
containing  potash,  and  superphosphate  of  lime;  but  the  high 
price  of  salts  of  potash,  and  the  uncertainty  of  the  action  of 
manures  upon  the  crop,  render  the  application  of  artificial 
manures  for  Clover  a  practice  of  doubtful  economy. 

When  land  is  what  is  called  "  clover-sick,"  none  of  the  ordinary 
manures,  whether  "  artificial,"  or  natural,  can  be  relied  upon  to 
secure  a  crop. 

So  far  as  our  present  knowledge  goes,  the  only  means  of  in- 
suring a  good  crop  of  Red  Clover  is  to  allow  some  yean  to  elapse 
before  repeating  the  crop  upon  the  same  land. 


London:  Printed  by  William  Clowks  and  Sons, Stamford  Street, 
and  Charing  Crow. 
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After  referring  to  the  earlier  history  of  the  subject,  and  especially 
to  the  conclusion  of  De  Saussure,  that  plants  derive  their  nitrogen 
from  the  nitrogenous  compounds  of  the  soil  and  the  small  amount  of 
ammonia  which  he  found  to  exist  in  the  atmosphere,  the  Authors 
preface  the  discussion  of  their  own  experiments  on  the  sources  of  the 
nitrogen  of  plants,  by  a  consideration  of  the  most  prominent  facts 
established  by  their  own  investigations  concerning  the  amount  of 
nitrogen  yielded  by  different  crops  over  a  given  area  of  land,  and  of 
the  relation  of  these  to  certain  measured,  or  known  sources  of  it. 

On  growing  the  same  crop  year  after  year  on  the  same  land,  with- 
out any  supply  of  nitrogen  by  manure,  it  was  found  that  wheat,  over 
a  period  of  14  years,  had  given  rather  more  than  30  lbs. — barley, 
over  a  period  of  6  years,  somewhat  less — meadow-hay,  over  a  period 
of  3  years,  nearly  40  lbs. — and  beans,  over  1 1  years,  rather  more  than 
50  lbs.  of  nitrogen,  per  acre,  per  annum.  Clover,  another  Leguminous 
crop,  grown  in  3  out  of  4  consecutive  years,  had  given  an  average  of 
120  lbs.  Turnips,  over  8  consecutive  years,  had  yielded  about  45  lbs. 

The  Graminaceous  crops  had  not,  during  the  periods  referred  to, 
shown  signs  of  diminution  of  produce.  The  yield  of  the  Legumi- 
nous crops  had  fallen  considerably.  Turnips,  again,  appeared  greatly 
to  have  exhausted  the  immediately  available  nitrogen  in  the  soil.  The 
amount  of  nitrogen  harvested  in  the  Leguminous  and  Boot-crops  was 
considerably  increased  by  the  use  of  "  mineral  manures,"  whilst  that 
in  the  Graminaceous  crops  was  so  in  a  very  limited  degree. 

Direct  experiments  further  showed  that  pretty  nearly  tYvt 
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amount  of  nitrogen  was  taken  from  a  given  area  of  land  in  wheat 
in  8  years,  whether  8  crops  were  grown  consecutively,  4  in  alterna- 
tion with  fallow,  or  4  in  alternation  with  beans. 

Taking  the  results  of  6  separate  courses  of  rotation,  Boussingault 
obtained  an  average  of  between  one-third  and  one-half  more  nitrogen 
in  the  produce  than  had  been  supplied  in  manure.  His  largest 
yields  of  nitrogen  were  in  the  Leguminous  crops;  and  the  cereal 
crops  were  larger  when  they  next  succeeded  the  removal  of  the 
highly  nitrogenous  Leguminous  crops.  In  their  own  experiments 
upon  an  actual  course  of  rotation,  without  manure,  the  Authors 
had  obtained,  over  8  years,  an  average  annual  yield  of  57*7  lbs.  of 
nitrogen  per  acre ;  about  twice  as  much  as  was  obtained  in  either 
wheat  or  barley,  when  these  crops  were,  respectively,  grown  year  after 
year  on  the  same  land.  The  greatest  yield  of  nitrogen  had  been  in  a 
clover  crop,  grown  once  during  the  8  years;  and  the  wheat  crops 
grown  after  this  clover  in  the  first  course  of  4  years,  and  after  beans 
in  the  second  course,  were  about  double  those  obtained  when  wheat 
succeeded  wheat. 

Thus,  Cereal  crops,  grown  year  after  year  on  the  same  land,  had 
given  an  average  of  about  30  lbs.  of  nitrogen,  per  acre,  per  annum ; 
and  Leguminous  crops  much  more.  Nevertheless  the  Cereal  crop 
was  nearly  doubled  when  preceded  by  a  Leguminous  one.  It  was 
also  about  doubled  when  preceded  by  fallow.  Lastly,  an  entirely 
unmanured  rotation  had  yielded  nearly  twice  as  much  nitrogen  as 
the  continuously  grown  Cereals. 

Leguminous  crops  were,  however,  little  benefited,  indeed  fre- 
quently injured,  by  the  use  of  the  ordinary  direct  nitrogenous  ma- 
nures. Cereal  crops,  on  the  other  hand,  though  their  yield  of  ni- 
trogen was  comparatively  small,  were  very  much  increased  by  direct 
nitrogenous  manures,  as  well  as  when  they  succeeded  a  highly  nitro- 
genous Leguminous  crop,  or  fallow.  But  when  nitrogenous  manures 
had  been  employed  for  the  increased  growth  of  the  Cereals,  the 
nitrogen  in  the  immediate  increase  of  produce  had  amounted  to  little 
more  than  40  per  cent,  of  that  supplied,  and  that  in  the  increase  of 
the  second  year  after  the  application,  to  little  more  than  one-tenth 
of  the  remainder.  Estimated  in  the  same  way,  there  had  been  in 
the  case  of  the  meadow  grasses  scarcely  any  larger  proportion  of 
the  supplied  nitrogew  xeco\we&.    lu  the  Leguminous  crops  the  pro- 


5 


portion  so  recovered  appeared  to  be  even  less ;  whilst  in  the  root- 
crops  it  was  probably  somewhat  greater.  Several  possible  explana- 
tions of  this  real  or  apparent  loss  of  the  nitrogen  supplied  by 
manure  are  enumerated. 

The  question  arises — what  are  the  sources  of  all  the  nitrogen  of 
our  crops  beyond  that  which  is  directly  supplied  to  the  soil  by  arti- 
ficial means?  The  following  actual  or  possible  sources  may  be 
enumerated :— the  nitrogen  in  certain  constituent  minerals  of  the 
soil;  the  combined  nitrogen  annually  coming  down  in  the  direct 
aqueous  depositions  from  the  atmosphere ;  the  accumulation  of. 
combined  nitrogen  from  the  atmosphere  by  the  soil  in  other  ways ; 
the  formation  of  ammonia  in  the  soil  from  free  nitrogen  and  nascent 
hydrogen;  the  formation  of  nitric  acid  from  free  nitrogen;  the 
direct  absorption  of  combined  nitrogen  from  the  atmosphere  by 
plants  themselves ;  the  assimilation  of  free  nitrogen  by  plants. 

A  consideration  of  these  several  sources  of  the  nitrogen  of  the 
vegetation  which  covers  the  earth's  surface  showed  that  those  of 
them  which  have  as  yet  been  quantitatively  estimated  are  inadequate 
to  account  for  the  amount  of  nitrogen  obtained  in  the  annual  pro- 
duce of  a  given  area  of  land  beyond  that  which  may  be  attributed 
to  supplies  by  previous  manuring.  Those,  on  the  other  hand,  which 
have  not  yet  been  even  approximately  estimated  as  to  quantity 
— if  indeed  fully  established  qualitatively — offer  many  practical 
difficulties  in  the  way  of  such  an  investigation  as  would  afford  results 
applicable  in  any  such  estimates  as  are  here  supposed.  It  appeared 
important,  therefore,  to  endeavour  to  settle  the  question  whether  or 
not  that  vast  storehouse  of  nitrogen,  the  atmosphere,  affords  to  grow- 
ing plants  any  measurable  amount  of  its  free  nitrogen.  Moreover, 
this  question  had  of  late  years  been  submitted  to  very  extended  and 
laborious  experimental  researches  by  M.  Boussingault,  and  M.  Ville, 
and  also  to  more  limited  investigation  by  MM.  Mene,  Roy,  Cloez> 
De  Luca,  Harting,  Petzholdt  and  others,  from  the  results  of  which 
diametrically  opposite  conclusions  had  been  arrived  at.  Before  enter- 
ing on  the  discussion  of  their  own  experimental  evidence,  the  Authors 
give  a  review  of  these  results  and  inferences ;  more  especially  those  of 
M.  Boussingault  who  questions,  and  those  of  M.  Georges  Ville  who 
affirms  the  assimilation  of  free  nitrogen  in  the  process  of  vegetation. 

The  general  method  of  experiment  instituted  by  Boussingault^ 
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which  has  been  followed,  with  more  or  less  modification,  in  most 
subsequent  researches,  and  by  the  Authors  in  the  present  inquiry, 
was — to  set  seeds  or  young  plants,  the  amount  of  nitrogen  in 
which  was  estimated  by  the  analysis  of  carefully  chosen  similar 
specimens ;  to  employ  soils  and  water  containing  either  no  combined 
nitrogen,  or  only  known  quantities  of  it;  to  allow  the  access 
either  of  free  air  (the  plants  being  protected  from  rain  and  dust) — 
of  a  current  of  air  freed  by  washing  from  ail  combined  nitrogen — or 
of  a  limited  quantity  of  air,  too  small  to  be  of  any  avail  so  far  as  any 
compounds  of  nitrogen  contained  in  it  were  concerned ;  and  finally,  to 
determine  the  amount  of  combined  nitrogen  in  the  plants  produced 
and  in  the  soil,  pot,  &c,  and  so  to  provide  the  means  of  estimating 
the  gain  or  loss  of  nitrogen  during  the  course  of  the  experiment. 

The  plan  adopted  by  the  Authors  in  discussing  their  own  experi- 
mental results,  was — 

To  consider  the  conditions  to  be  fulfilled  in  order  to  effect  the 
solution  of  the  main  question,  and  to  endeavour  to  eliminate  all 
sources  of  error  in  the  investigation. 

To  examine  a  number  of  collateral  questions  bearing  upon  the 
points  at  issue,  and  to  endeavour  so  far  to  solve  them,  as  to  reduce 
the  general  solution  to  that  of  a  single  question  to  be  answered  by 
the  results  of  a  final  set  of  experiments. 

To  give  the  results  of  the  final  experiments,  and  to  discuss  their 
bearings  upon  the  question  which  it  is  proposed  to  solve  by  them. 

Accordingly,  the  following  points  are  considered  : — 

1 .  The  preparation  of  the  soil,  or  matrix,  for  the  reception  of  the 
plants  and  of  the  nutriment  to  be  supplied  to  them. 

2.  The  preparation  of  the  nutriment,  embracing  that  of  mineral 
constituents,  of  certain  solutions,  and  of  water. 

3.  The  conditions  of  atmosphere  to  be  supplied  to  the  plants, 
and  the  means  of  securing  them ;  the  apparatus  to  be  employed,  &c. 

4.  The  changes  undergone  by  nitrogenous  organic  matter  during 
decomposition,  affecting  the  quantity  of  combined  nitrogen  present, 
in  circumstances  more  or  less  analogous  to  those  in  which  the  expe- 
rimental plants  are  grown. 

5.  The  actiou  of  agents,  as  ozone ;  and  the  influence  of  other 
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circumstances  which  may  affect  the  quantity  of  combined  nitrogen 
present  in  connexion  with  the  plants,  independently  of  the  direct 
action  of  the  growing  process. 

In  most  of  the  experiments  a  rather  clayey  soil,  ignited  with  free 
access  of  air,  well-washed  with  distilled  water,  and  re-ignited,  was  used 
as  the  matrix  or  soil.  In  a  few  cases  washed  and  ignited  pumice- 
stone  was  used. 

The  mineral  constituents  were  supplied  in  the  form  of  the  ash  of 
plants,  of  the  description  to  be  grown  if  practicable,  and  if  not,  of 
some  closely  allied  kind. 

The  distilled  water  used  for  the  final  rinsing  of  all  the  important 
parts  of  the  apparatus,  and  for  the  supply  of  water  to  the  plants,  was 
prepared  by  boiling  off  one-third  from  ordinary  water,  collecting  the 
second  third  as  distillate,  and  redistilling  this,  previously  acidulated 
with  phosphoric  acid. 

Most  of  the  pots  used  were  specially  made,  of  porous  ware,  with  a 
great  many  holes  at  the  bottom  and  round  the  sides  near  to  the 
bottom.  These  were  placed  in  glazed  stone-ware  pans  with  inward- 
turned  rims  to  lessen  evaporation. 

Before  use,  the  red-hot  matrix  and  the  freshly  ignited  ash  were 
mixed  in  the  red-hot  pot,  and  the  whole  allowed  to  cool  over  sul- 
phuric acid.  The  soil  was  then  moistened  with  distilled  water,  and 
after  the  lapse  of  a  day  or  so  the  seeds  or  plants  were  put  in. 

Very  carefully  picked  bulks  of  seed  were  chosen ;  specimens  of  the 
average  weight  were  taken  for  the  experiment,  and  in  similar  speci- 
mens the  nitrogen  was  determined. 

The  atmosphere  supplied  to  the  plants  was  washed  free  from 
ammonia  by  passing  through  sulphuric  acid,  and  then  over  pumice- 
stone  saturated  with  sulphuric  acid.  It  then  passed  through  a  solu- 
tion of  carbonate  of  soda  before  entering  the  apparatus  enclosing  the 
plant,  and  it  passed  out  again  through  sulphuric  acid. 

Carbonic  acid,  evolved  from  marble  by  measured  quantities  of 
hydrochloric  acid,  was  passed  daily  into  the  apparatus,  after  passing, 
with  the  air,  through  the  sulphuric  acid  and  the  carbonate  of  soda 
solution. 

The  enclosing  apparatus  consisted  of  a  large  glass  shade,  resting  in 
a  groove  filled  with  mercury,  in  a  slate  or  glazed  earthenware  stand, 
upon  which  the  pan,  with  the  pot  of  soil,  &c,  was  placed.  Tubes 
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passed  under  the  shade,  for  the  ingress  and  the  egress  of  air,  for  the 
supply  of  water  to  the  plants,  and,  in  some  cases,  for  the  withdrawal 
of  the  water  which  condensed  within  the  shade.  In  other  cases,  the 
condensed  water  was  removed  by  means  of  a  special  arrangement. 

One  advantage  of  the  apparatus  adopted  was,  that  the  washed  air 
was  forced,  instead  of  being  aspirated,  through  the  enclosing  vessel. 
The  pressure  upon  it  was  thus  not  only  very  small,  and  the  danger 
from  breakage,  therefore,  also  small,  but  it  was  exerted  upon  the 
inside  instead  of  the  outside  of  the  shade ;  hence,  any  leakage  would 
be  from  the  inside  outwards,  so  that  there  was  no  danger  of  unwashed 
air  gaining  access  to  the  plants. 

The  conditions  of  atmosphere  were  proved  to  be  adapted  for 
healthy  growth,  by  growing  plants  under  exactly  the  same  circum- 
stances, but  in  a  garden  soil.  The  conditions  of  the  artificial  soil 
were  shown  to  be  suitable  for  the  purpose,  by  the  fact  that  plants 
grown  in  such  soil,  and  in  the  artificial  conditions  of  atmosphere, 
developed  luxuriantly,  if  only  manured  with  substances  supplying 
combined  nitrogen. 

Passing  to  the  subjects  of  collateral  inquiry,  the  first  question  con- 
sidered was,  whether  plants  growing  under  the  conditions  stated 
would  be  likely  to  acquire  nitrogen  from  the  air  through  the  medium 
of  ozone,  either  within  or  around  the  plant,  or  in  the  soil ;  that  body 
oxidating  free  nitrogen,  and  thus  rendering  it  assimilable  by  the 
plants. 

Several  series  of  experiments  were  made  upon  the  gases  contained 
in  plants  or  evolved  from  them,  under  different  circumstances  of 
light,  shade,  supply  of  carbonic  acid,  &c.  When  sought  for,  ozone 
was  in  no  case  detected.  The  results  of  the  inquiry  in  other  re- 
spects, bearing  upon  the  points  at  issue,  may  be  briefly  summed  up 
as  follows : — 

1 .  Carbonic  acid  within  growing  vegetable  cells  and  intercellular 
passages  suffers  decomposition  very  rapidly  on  the  penetration  of 
the  sun's  rays,  oxygen  being  evolved. 

2.  Living  vegetable  cells,  in  the  dark,  or  not  penetrated  by  the 
direct  rays  of  the  sun,  consume  oxygen  very  rapidly,  carbonic  acid 
being  formed. 

3.  Hence,  the  proportion  of  oxygen  must  vary  greatly  according 
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to  the  position  of  the  cell,  and  to  the  external  conditions  of  light,  and 
it  will  oscillate  under  the  influence  of  the  reducing  force  of  carbon- 
matter  (forming  carbonic  acid)  on  the  one  hand,  and  of  that  of  the 
sun' 8  rays  (liberating  oxygen)  on  the  other.  Both  actions  may 
go  on  simultaneously  according  to  the  depth  of  the  cell ;  and  the 
once  outer  cells  may  gradually  pass  from  the  state  in  which  the 
sunlight  is  the  greater  reducing  agent  to  that  in  which  the  carbon- 
matter  becomes  the  greater. 

4.  The  great  reducing  power  operating  in  those  parts  of  the  plant 
where  ozone  is  most  likely,  if  at  all,  to  be  evolved,  seems  unfavour- 
able to  the  oxidation  of  nitrogen;  that  is  under  circumstances  in 
which  carbon-matter  is  not  oxidized,  but  on  the  contrary,  carbonic 
acid  reduced.  And  where  beyond  the  influence  of  the  direct  rays  of 
the  sun,  the  cells  seem  to  supply  an  abundance  of  more  easily  oxi- 
dized carbon-matter,  available  for  oxidation  should  free  oxygen  or 
ozone  be  present.  On  the  assumption  that  nitrates  are  available  as 
a  direct  source  of  nitrogen  to  plants,  if  it  were  admitted  that  nitrogen 
is  oxidated  within  the  plant,  it  must  be  supposed  (as  in  the  case  of 
carbon)  that  there  are  conditions  under  which  the  oxygen  compound 
of  nitrogen  may  be  reduced  within  the  organism,  and  that  there  are 
others  in  which  the  reverse  action,  namely,  the  oxidation  of  nitrogen, 
can  take  place. 

5.  So  great  is  the  reducing  power  of  certain  carbon-compounds  of 
vegetable  matter,  that  when  the  growing  process  has  ceased,  and  all 
the  free  oxygen  in  the  cells  has  been  consumed,  water  is  for  a  time 
decomposed,  carbonic  acid  formed,  and  hydrogen  evolved. 

The  suggestion  arises,  whether  ozone  may  not  be  formed  under 
the  influence  of  the  powerful  reducing  action  of  the  carbon-com- 
pounds of  the  cell  on  the  oxygen  eliminated  from  carbonic  acid  by 
sunlight,  rather  than  under  the  direct  action  of  the  sunlight  itself 
— in  a  manner  analogous  to  that  in  which  it  is  ordinarily  obtained 
under  the  influence  of  the  active  reducing  agency  of  phosphorus  ? 
But,  even  if  it  were  so,  it  may  be  questioned  whether  the  ozone 
would  not  be  at  once  destroyed  when  in  contact  with  the  carbon- 
compounds  present.  It  is  more  probable,  however,  that  the  ozone 
said  to  be  observed  in  the  vicinity  of  vegetation,  is  due  to  the  action 
of  the  oxygen  of  the  air  upon  minute  quantities  of  volatile  carbo- 
hydrogens  emitted  by  plants. 
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Supposing  ozone  to  be  present,  it  might,  however,  be  supposed  to 
act  in  a  more  indirect  manner  as  a  source  of  combined  and  assimilable 
nitrogen  in  the  Authors'  experiments,  namely, — by  oxidating  the 
nitrogen  dissolved  in  the  condensed  water  of  the  apparatus — by 
forming  nitrates  in  contact  with  the  moist,  porous,  and  alkaline 
soil — or  by  oxidating  the  free  nitrogen  in  the  cells  of  the  older 
roots,  or  that  evolved  in  their  decomposition. 

Experiments  were  accordingly  made  to  ascertain  the  influence  of 
ozone  upon  organic  matter,  and  on  certain  porous  and  alkaline 
bodies,  under  various  circumstances.  A  current  of  ozonous  air  was 
passed  over  the  substances  for  some  time  daily,  for  several  months, 
including  the  whole  of  the  warm  weather  of  the  summer ;  but  in 
only  one  case  out  of  eleven  was  any  trace  of  nitric  acid  detected, 
namely,  that  of  garden  soil ;  and  this  was  proved  to  contain  nitrates 
before  being  submitted  to  the  action  of  ozone. 

It  is  not,  indeed,  hence  inferred  that  nitric  acid  could  under  no 
circumstances  be  formed  through  the  influence  of  ozone  on  certain 
nitrogenous  compounds,  on  nascent  nitrogen,  on  gaseous  nitrogen  in 
contact  with  porous  and  alkaline  substances,  or  even  in  the  atmosphere. 
But,  considering  the  negative  result  with  large  quantities  of  ozonous 
air,  acting  upon  organic  matter,  soil,  &c,  in  a  wide  range  of  circum- 
stances, and  for  so  long  a  period,  it  is  believed  that  no  error  will  be 
introduced  into  the  main  investigation  by  the  cause  referred  to. 

Numerous  experiments  were  made  to  determine  whether  free  ni- 
trogen was  evolved  during  the  decomposition  of  nitrogenous  organic 
compounds. 

In  the  first  series  of  6  experiments,  wheat,  barley,  and  bean-meal 
were  respectively  mixed  with  ignited  pumice,  and  ignited  soil,  and 
submitted  for  some  months  to  decomposition  in  a  current  of  air, 
in  such  manner  that  any  ammonia  evolved  could  be  collected  and 
estimated.  The  result  was,  that,  in  5  out  of  the  (5  cases,  there  was 
a  greater  or  less  evolution  of  free  nitrogen — amounting,  in  two  of  the 
cases,  to  more  than  1 2  per  cent,  of  the  original  nitrogen  of  the  sub- 
stance. 

The  second  series  consisted  of  9  experiments ;  wheat,  barley,  and 
beans  being  again  employed,  and,  as  before,  either  ignited  soil  or 
pumice  used  as  the  matrix.  In  some  cases  the  seeds  were  submitted 
to  experiment  whole,  and  allowed  to  grow,  and  the  vegetable  matter 
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produced  permitted  to  die  down  and  decompose.  In  other  cases, 
the  ground  seeds,  or  "  meals,"  were  employed.  The  conditions  of 
moisture  were  also  varied.  The  experiments  were  continued  through 
several  months,  when  from  60  to  70  per  cent,  of  the  carbon  had 
disappeared. 

In  8  out  of  the  9  experiments,  a  loss  of  nitrogen,  evolved  in  the 
free  state,  was  indicated.  In  most  cases,  the  loss  amounted  to  about 
one-seventh  or  one-eighth,  but  in  one  instance  to  40  per  cent,  of  the 
original  nitrogen.  In  all  these  experiments  the  decomposition  of 
the  organic  substance  was  very  complete,  and  the  amount  of  carbon 
lost  was  comparatively  uniform. 

It  thus  appeared  that,  under  rare  circumstances,  there  might  be  no 
loss  of  nitrogen  in  the  decomposition  of  nitrogenous  organic  matter ; 
but  that,  under  a  wide  range  of  circumstances,  the  loss  was  very 
considerable — a  point,  it  may  be  observed,  of  practical  importance  in 
the  management  of  the  manures  of  the  farm  and  the  stable. 

Numerous  direct  experiments  showed,  that  when  nitrogenous 
organic  matter  was  submitted  to  decomposition  in  water,  over  mer- 
cury, in  the  absence  of  free  oxygen,  there  was  no  free  nitrogen 
evolved.  In  fact,  the  evolution  in  question  appeared  to  be  the  result 
of  an  oxidating  process. 

Direct  experiments  also  showed,  that  seeds  may  be  submitted  to 
germination  and  growth,  and  that  nearly  the  whole  of  the  nitrogen 
may  be  found  in  the  vegetable  matter  produced. 

It  is  observed  that,  in  the  cases  referred  to  in  which  so  large  an 
evolution  of  free  nitrogen  took  place,  the  organic  substances  were 
submitted  to  decomposition  for  several  months,  during  which  time 
they  lost  two-thirds  of  their  carbon.  In  the  experiments  on  the 
question  of  assimilation,  however,  but  a  very  small  proportion  of  the 
total  organic  matter  is  submitted  to  decomposing  actions  apart  from 
those  associated  with  growth,  and  this  for  a  comparatively  short 
period  of  time,  at  the  termination  of  which  the  organic  form  is 
retained,  and  therefore  but  very  little  carbon  is  lost.  It  would 
appear,  then,  that  in  experiments  on  assimilation  no  fear  need  be 
entertained  of  any  serious  error  arising  from  the  evolution  of  free 
nitrogen  in  the  decomposition  of  the  nitrogenous  organic  matter 
necessarily  involved,  so  long  as  it  is  subjected  to  the  ordinary 
process  of  germination,  and  exhaustion  to  supply  materials  for 
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growth.  On  the  other  hand,  the  facts  adduced  afford  a  probable 
explanation  of  any  small  loss  of  nitrogen  which  may  occur  when 
seeds  have  not  grown,  or  when  leaves,  or  other  dead  matters,  have 
suffered  partial  decomposition.  They  also  point  out  an  objection  to 
the  application  of  nitrogenous  organic  manure  in  such  experiments. 

Although  there  can  be  no  doubt  of  the  evolution  of  hydrogen 
during  the  decomposition  of  organic  matter  under  certain  conditions, 
and  although  it  has  long  been  admitted  that  nascent  hydrogen  may, 
under  certain  circumstances,  combine  with  gaseous  nitrogen  and  form 
ammonia — nevertheless,  from  considerations  stated  at  length  in  the 
paper,  the  Authors  infer  that  there  need  be  little  apprehension  of 
error  in  the  results  of  their  experiments,  arising  from  an  unaccounted 
supply  of  ammonia,  formed  under  the  influence  of  nascent  hydrogen 
given  off  in  the  decomposition  of  the  organic  matter  involved. 

Turning  to  their  direct  experiments  on  the  question  of  the  assi- 
milation of  free  nitrogen,  the  Authors  first  consider  whether  such 
assimilation  would  be  most  likely  to  take  place  when  the  plant  had 
no  other  supply  of  combined  nitrogen  than  that  contained  in  the 
seed  sown,  or  when  supplied  with  a  limited  amount  of  combined 
nitrogen,  or  with  an  excess  of  combined  nitrogen?  And  again — 
whether  at  an  early  stage  of  growth,  at  the  most  active  stage,  or 
when  the  plant  was  approaching  maturity  ?  Combinations  of  these 
several  circumstances  might  give  a  number  of  special  conditions,  in 
perhaps  only  one  of  which  assimilation  of  free  nitrogen  might  take 
place,  in  case  it  could  in  any. 

It  is  hardly  to  be  supposed  that  free  nitrogen  would  be  assimilated 
if  an  excess  of  combined  nitrogen  were  at  the  disposal  of  the  plant. 
It  is  obvious,  however,  that  a  wide  range  of  conditions  would  be  ex- 
perimentally provided,  if  in  some  instances  plants  were  supplied  with 
no  more  combined  nitrogen  than  that  contained  in  the  seed,  in  others 
brought  to  a  given  stage  of  growth  by  means  of  limited  extraneous 
supplies  of  combined  nitrogen,  and  in  others  supplied  with  combined 
nitrogen  in  a  more  liberal  measure.  It  has  been  sought  to  provide 
these  conditions  in  the  experiments  under  consideration. 

In  the  selection  of  plants,  it  was  sought  to  take  such  as  would 
be  adapted  to  the  axtvucial  conditions  of  temperature,  moisture,  &c. 
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involved  in  the  experiment,  and  also  such  as  were  of  importance  in 
an  agricultural  point  of  view — to  have  representatives,  moreover,  of 
the  two  great  Natural  Families,  the  Graminaceee  and  the  Leguminosae, 
which  seem  to  differ  so  widely  in  their  relations  to  the  combined 
nitrogen  supplied  within  the  soil — and  finally,  to  have  some  of  the 
same  descriptions  as  those  experimented  upon  by  M.  Boussingault, 
and  M.  G.  Ville,  with  such  discordant  results. 

Thirteen  experiments  were  made  (4  in  1857  and  9  in  1858),  in 
which  the  plants  were  supplied  with  no  other  combined  nitrogen 
than  that  contained  in  the  original  seed.  In  1 2  of  the  cases  pre- 
pared soil  was  the  matrix,  and  in  the  remaining  one  prepared 
pumice. 

Of  9  experiments  with  Graminaceous  plants,  1  with  wheat  and  2 
with  barley  were  made  in  1857.  In  one  of  the  experiments  with 
barley  there  was  a  gain  of  0*0016,  and  in  the  other  of  0'0026  gramme 
of  nitrogen.  In  only  two  cases  of  the  experiments  with  cereals  in 
1858,  was  there  any  gain  of  nitrogen  indicated;  and  in  both  it 
amounted  to  only  a  small  fraction  of  a  milligramme.  Indeed,  in  no 
one  of  the  cases,  in  either  1857  or  1858,  was  there  more  nitrogen  in 
the  plants  themselves,  than  in  the  seed  sown.  A  gain  was  indicated 
only  when  the  nitrogen  in  the  soil  and  pot — which  together  weighed 
about  1 500  grammes — was  brought  into  the  calculation.  Moreover, 
the  gain  only  exceeded  1  milligramme  in  the  case  of  the  experiments 
of  1857,  when  slate,  instead  of  glazed  earthenware  stands  were  used 
as  the  lute  vessels ;  and  there  was  some  reason  to  believe  that  the 
gain  indicated  was  due  to  this  circumstance.  In  none  of  the  other 
cases  was  the  gain  more  than  would  be  expected  from  error  in 
analysis. 

The  result  was  then,  that  in  no  one  case  of  these  experiments  was 
there  any  such  gain  of  nitrogen  as  could  lead  to  the  supposition  that 
free  nitrogen  had  been  assimilated.  The  plants  had,  however,  vege- 
tated for  several  months,  had  in  most  cases  more  than  trebled  the 
carbon  of  the  seed,  and  had  obviously  been  limited  in  their  growth 
for  want  of  a  supply  of  available  nitrogen  in  some  form.  During  this 
long  period  they  were  surrounded  by  an  atmosphere  containing  free 
nitrogen ;  and  their  cells  were  penetrated  by  fluid  saturated  with  that 
element.  It  may  be  further  mentioned,  that  many  of  the  plants 
formed  glumes  and  paleee  for  seed. 
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It  is  to  be  observed  that  the  results  of  these  experiments  with 
cereals  go  to  confirm  those  of  M.  Boussingault. 

The  Leguminous  plants  experimented  upon  did  not  grow  so 
healthily  under  the  artificial  conditions  as  did  the  cereals.  Still,  in  all 
three  of  the  cases  of  these  plants  in  which  no  combined  nitrogen 
was  provided  beyond  that  contained  in  the  original  seed,  the  carbon 
in  the  vegetable  matter  produced  was  much  greater  than  that  in  the 
seed — in  one  instance  more  than  3  times  greater.  In  no  case,  how- 
ever, was  there  any  indication  of  assimilation  of  free  nitrogen,  any 
more  than  there  had  been  by  the  Graminaceous  plants  grown  under 
similar  circumstances. 

One  experiment  was  made  with  buckwheat,  supplied  with  no  other 
combined  nitrogen  than  that  contained  in  the  seed.  The  result  gave 
no  indication  of  assimilation  of  free  nitrogen. 

In  regard  to  the  whole  of  the  experiments  in  which  the  plants 
were  supplied  with  no  combined  nitrogen  beyond  that  contained  in 
the  seed,  it  may  be  observed  that,  from  the  constancy  of  the  amount 
of  combined  nitrogen  present  in  relation  to  that  supplied,  throughout 
the  experiments,  it  may  be  inferred,  as  well  that  there  was  no  evolu- 
tion of  free  nitrogen  by  the  growing  plant,  as  that  there  was  no 
assimilation  of  it ;  but  it  cannot  hence  be  concluded  that  there  would 
be  no  such  evolution  if  an  excess  of  combined  nitrogen  were  supplied. 

The  results  of  a  number  of  experiments,  in  which  the  plants  were 
supplied  with  more  or  less  of  combined  nitrogen,  in  the  form  of  am- 
monia-salts, or  of  nitrates,  are  recorded.  Ten  were  with  Cereals; 
4  in  1857,  and  6  in  1858.  Three  were  with  Leguminous  plants ;  and 
there  were  also  some  with  plants  of  other  descriptions — all  in  1858. 

In  the  case  of  the  cereals  more  particularly,  the  growth  was  very 
greatly  increased  by  the  extraneous  supply  of  combined  nitrogen ;  in 
fact,  the  amount  of  vegetable  matter  produced  was  8,  12,  and  even 
30  times  greater  than  in  parallel  cases  without  such  supply.  The 
amount  of  nitrogen  appropriated  was  also,  in  all  cases  many  times 
greater,  and  in  one  case  more  than  30  times  as  great,  when  a  supply 
of  combined  nitrogen  was  provided.  The  evidence  is  therefore  suffi- 
ciently clear  that  all  the  conditions  provided,  apart  from  those  which 
depended  upon  a  supply  of  combined  nitrogen,  were  adapted  for 
vigorous  growth ;  and  that  the  limitation  of  growth  where  no  com- 
bined nitrogen  was  sup^Wed      due  to  the  want  of  such  supply. 
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In  2  out  of  the  4  experiments  with  cereals  in  1857,  there  was  a 
slight  gain  of  nitrogen  beyond  that  which  should  occur  from  error 
in  analysis ;  but  in  no  one  of  the  6  in  1858,  when  glazed  earthenware 
instead  of  slate  stands  were  used,  was  there  any  such  gain*  It  is  con- 
cluded, therefore,  that  there  was  no  assimilation  of  free  nitrogen. 
In  some  cases  the  supply  of  combined  nitrogen  was  not  given  until 
the  plants  showed  signs  of  decline ;  when,  on  each  addition,  increased 
vigour  was  rapidly  manifested.  In  others  the  supply  was  given 
earlier  and  was  more  liberal. 

As  in  the  case  of  the  Leguminous  plants  grown  without  extraneous 
supply  of  combined  nitrogen,  those  grown  with  it  progressed  much 
less  healthily  than  the  Graminaceous  plants.  But  the  results  under 
these  conditions,  so  far  as  they  go,  did  not  indicate  any  assimilation 
of  free  nitrogen. 

The  results  of  experiments  with  plants  of  other  descriptions,  in 
which  an  extraneous  supply  of  combined  nitrogen  was  provided,  also 
failed  to  show  an  assimilation  of  free  nitrogen. 

Thus,  19  experiments  with  Graminaceous  plants,  9  without  and  10 
with  an  extraneous  supply  of  combined  nitrogen — 6  with  Leguminous 
plants,  3  without  and  3  with  an  extraneous  supply  of  combined 
nitrogen,  and  also  some  with  other  plants,  have  been  made.  In 
none  of  the  experiments,  with  plants  so  widely  different  as  the 
Graminaceous  and  the  Leguminous,  and  with  a  wide  range  of  condi- 
tions of  growth,  was  there  evidence  of  an  assimilation  of  free  nitrogen. 

The  conclusions  from  the  whole  inquiry  may  be  briefly  summed 
up  as  follows : — 

The  yield  of  nitrogen  in  the  vegetation  over  a  given  area,  within  a 
given  time,  especially  in  the  case  of  Leguminous  crops,  is  not  satis- 
factorily explained  by  reference  to  the  hitherto  quantitatively  deter- 
mined supplies  of  combined  nitrogen. 

The  results  and  conclusions  hitherto  recorded  by  different  experi- 
menters on  the  question  whether  plants  assimilate  free  or  tmcom- 
bined  nitrogen,  are  very  conflicting. 

The  conditions  provided  in  the  experiments  of  the  Authors  on  this 
question  were  found  to  be  quite  consistent  with  the  healthy  develop- 
ment of  various  Graminaceous  Plants,  but  not  so  much  so  for  that  of 
the  Leguminous  Plants  experimented  upon. 


It  is  not  probable  that,  under  the  circumstances  of  the 
on  assimilation ,  there  would  he  any  supply  to  the  plants  o 
counted  quantity  of  combined  nitrogen,  due  to  the  influence 
of  ozone,  or  of  nascent  hydrogen. 

It  is  not  probable  that  there  would  be  a  loss  of  any  of  the  com- 
bined nitrogen  involved  in  an  experiment  on  assumption,  due  to  tbt 
evolution  of  free  nitrogen  in  the  decomposition  of 
excepting  in  certain  cases  when  it  might  be  presupposed* 

It  is  not  probable  that  there  would  be  any  loss  due  to  the 
tion  of  free  nitrogen  from  tile  nitrogenous  constituents  of 
during  growth. 

In  numerous  e  xperiments  with  Graminaceous  plants,  under  a  wide 
range  of  conditions  of  growth,  in  no  ease  was  there  any  evidence  of 
an  assimilation  of  free  nitrogen. 

In  experiments  with  Leguminous  plants  the  growth  was  less  satis- 
factory, and  the  range  of  conditions  was,  therefore,  more  limited. 
Rut  the  results  with  these  plants,  so  far  as  they  go,  do  not 
any  assimilation  of  free  nitrogen.    It  is  desirable  that  the 
of  further  experiments  with  such  plants,  under  conditions  of 
healthy  growth,  should  be  obtained. 

Results  obtained  with  some  other  plants,  are  in  the  same  sense  u 
those  with  Graminaceous  and  Leguminous  ones,  in  regard  to  the 
question  of  the  assimilation  of  free  nitrogen. 

In  view  of  the  evidence  afforded  of  the 
nitrogen  by  plants,  it  is  very  desirable  that  the  several  actual  or 
possible  sources  whence  they  may  derive  combined  nitrogen  sh 
be  more  fully  investigated,  both  qualitatively  and  quantitnti' 

If  it  be  established  that  plants  do  not  assimilate  free  or  micom- 
blued  nitrogen,  the  source  of  the  large  amount  of  combined  nitrogen 
known  to  exist  on  the  surface  of  the  globe,  mid  in  the 
still  awaits  a  satisfactory  explanation. 
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ON  THE  APPLICATION  OF  DIFFERENT  MANURE8  TO 
DIFFERENT  CROPS,  AND  ON  THEIR  PROPER 
DISTRIBUTION  ON  THE  FARM. 


Introductory  Observations. 


Under  the  system  of  Farming  current  30  or  40  years  ago, 
an  improper  application  or  distribution  of  Manure  was  little 
likely  to  take  place.  Once  every  4  or  5  years  each  field  received 
a  share  of  the  home  manures — the  produce  of  the  stables,  and 
yards — which  would  not  vary  much  in  quantity  or  in  quality, 
from  year  to  year. 

Agriculture  as  practised  by  the  more  advanced  Farmers  of 
the  present  day,  differs  widely  from  this  routine  :  various  descrip- 
tions of  purchased  Cattle-food,  and  Artificial  Manure,  are  now 
largely  used.  Root-crops  are  at  one  time  grown  by  Artificial 
Manures  alone,  and  at  another  by  dung ;  they  are  sometimes  all 
drawn  from  the  land,  and  at  others  consumed  where  they  are  grown, 
with  Corn  or  Cake  in  addition.  Light  Artificial  Manures  are  used 
as  a  top-dressing  for  Corn  in  one  field,  and  not  in  the  next.  Kich 
Manure  from  fattening  cattle  is  made  in  the  boxes  and  sheds,  and  a 
much  poorer  quality  in  the  yards  ;  and  so  on. 

These  comparatively  modern  practices,  although  tending  to 
increase  the  amount  of  manurial  matters  on  the  farm  as  a  whole, 
frequently  lead  to  a  very  unequal  distribution  of  them.  Hence  it 
may  often  happen  that,  whilst  the  crop  in  one  field  may  be  suffer- 
ing from  a  relative  deficiency  of  certain  constituents  in  the  soil, 
these  may  exist  in  the  adjoining  field  in  relative  excess. 

The  uncertainty  of  effect  often  observed  in  the  action  of 
Artificial  Manures,  is  doubtless  frequently  due  to  the  disturbance 
of  the  proper  balance  of  constituents  requisite  for  healthy  growth, 
the  result  of  injudicious  management  during  the  previous  course 
of  cropping.  For  instance,  how  different  must  be  the  condition  of 
the  land  in  regard  to  the  immediately  available  8upply  of  certain 
mineral  constituents,  after  a  root-crop  grown  by  Artificial  Manures, 
and  removed  for  consumption  in  the  yards  and  feeding  sheds, 
and  after  one  grown  by  dung  and  consumed  upon  the  land,  with 
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or  without  other  food  in  addition  !  How  different  must  be  the 
action  of  Nitrate  of  Soda,  or  other  chiefly  nitrogenous  manure, 
upon  the  succeeding  corn-croD  in  the  two  cases  !  It  is  true,  that 
the  field  which  has  suffered  this  temporary  comparative  exhaustion, 
will,  under  a  system  of  liberal  farming,  be  duly  replenished  in  the 
course  of  time.  But,  on  light  soils  more  especially,  the  injurious 
influence  of  such  irregular  distribution  of  the  constituents  of  manure, 
must  freauently  be  felt ;  and  it  may  sometimes  result  in  serious 
losses  to  the  Farmer. 

It  is  obvious  that  the  subject  of  the  proper  application,  and 
distribution,  of  the  manures  used  on  a  farm,  demands  very  careful 
consideration. 

The  constituents  of  Manure  form  a  part  of  the  floating  capital 
of  the  farm  ;  but  they  yield  no  interest  so  long  as  they  do  not 
contribute  to  an  increase  in  the  produce  of  the  land.  A  certain 
proportion  of  them  enters  into  the  corn  and  meat  which  are  sold  off 
the  farm  ;  another  portion  remains  in  the  straw  and  root  and  fodder 
crops,  in  due  time  to  be  returned  again  to  the  land  in  the  form  of 
manure,  and  a  third  portion  remains  in  the  soil  to  be  taken  up  by 
future  crops  at  a  more  or  less  distant  period.  It  is  clear  that  the 
Farmer  should  endeavour  so  to  arrange  his  manuring  and  crop- 
ping, that  the  greatest  possible  amount  of  manurial  constituents 
should  be  engaged  each  year  in  the  promotion  of  vegetable 
growth  ;  and  it  is  with  the  view  of  leading  to  a  more  careful  con- 
sideration of  this  subject,  and  of  what  is  necessary  to  secure  the 
desired  result,  that  I  propose  to  make  a  few  remarks  of  a  practical 
kind,  on  both  the  application,  and  the  distribution,  of  manures. 

Although  the  two  subjects  are  very  intimately  connected, 
they  may  with  advantage  be  treated  of,  to  a  certain  extent, 
separately.  Thus,  I  propose  in  speaking  of  the  application  of 
manures,  to  confine  attention  to  the  description  of  manures  best 
adapted  to  the  different  crops,  and  to  the  best  time  and  mode 
of  their  application  ;  and  when  speaking  of  their  distribution, 
to  call  attention  more  especially  to  the  temporary  disturbance 
of  the  balance,  or  relative  exhaustion  of  constituents,  which  is 
liable  to  occur  under  ordinary  circumstances  on  certain  portions 
of  the  farm,  and  to  the  means  which  the  Farmer  has  at  his 
disposal  for  insuring  a  more  equal  distribution  of  the  constituents 
circulating  on  his  farm. 

ON  THE  ADAPTATION  OF  DIFFERENT  MANURES  TO 
DIFFERENT  CROPS. 

Any  rational  and  economical  system  of  manuring  must  obvi- 
ously be  based  upon  some  knowledge  of  the  effects  of  the  different 
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descriptions  of  manure  upon  the  various  crops  when  they  are 
grown  in  an  ordinary  course  of  cultivation. 

It  is  true,  that  science  is  not  at  present  able  fully  to 
account  for  the  very  characteristic  and  powerful  action  of  certain 
constituents  of  manure  upon  the  growth  of  one  description  of 
plant,  and  not  of  another.  Some  writers  have  therefore  denied 
that  such  a  difference  of  effect  exists.  The  very  different  effects 
of  Ammoniacal  Salts  upon  the  Graminaceous  crops  (such  as  Wheat, 
Meadow  Grasses,  Rye-grass,  &c.)  on  the  one  hand,  and  on  the 
Leguminous  crops  (such  as  Beans  and  Clover)  on  the  other,  may  be 
taken  to  illustrate  the  point.  The  records  of  nearly  20  years  of 
experiments  at  Rothamsted,  have  not  afforded  a  single  instance  in 
which  the  application  of  Ammoniacal  Salts  to  a  Cereal  crop  has 
failed  to  give  a  greater  or  less  increase  of  produce.  This  is  the 
case  even  where  there  has  been  a  very  unusual  exhaustion  of 
mineral  constituents  ;  and  this  effect  of  Ammoniacal  Salts  is  quite 
consistent  with  that  observed  when  such  crops  are  cultivated  and 
manured  according  to  the  ordinary  course  of  practice.  On  the 
other  hand,  experiments  continued  for  more  than  half  that  period 
with  Leguminous  crop,  such  as  Clover  and  Beans,  as  well  as 
practical  experience  with  such  crops,  show  no  such  result  on  the 
direct  application  of  Ammoniacal  Manures.  Yet  there  is  a 
much  larger  amount  of  that  important  element  of  ammonia 
— nitrogen — in  a  Leguminous  than  in  a  Graminaceous  crop. 

It  is  in  fact,  bad  practice  to  apply  Peruvian  Guano,  or  Ammo- 
niacal Salts,  to  a  Bean  or  a  Clover  crop ;  and  where  Dung  is 
applied  both  to  the  Wheat  and  Bean  crops,  true  economy  would 
suggest  that  the  rich  oil-cake  dung  be  employed  for  the  Wheat, 
and  that  which  is  poorer  for  the  Beans  and  Clover. 

Supposing,  instead  of  this,  10  tons  of  rich  dung  containing  0'8 
per  cent.  Nitrogen  (equal  to  nearly  1  per  cent,  of  Ammonia)  were 
applied  in  the  Autumn  to  an  acre  of  Clover  to  be  mown  the  follow- 
ing year,  and  10  tons  of  poor  dung  containing  only  half  that 
amount  of  nitrogen  were  applied  per  acre  for  the  growth  of  Wheat, 
the  Clover  would  be  manured  with  about  180  lbs.  of  Nitrogen, 
equal  to  about  218  lbs.  of  Ammonia,  and  the  Wheat  with  only 
about  90  lbs.  of  nitrogen  equal  to  about  109  lbs.  of  Ammonia. 
The  Nitrogen  or  Ammonia,  applied  to  the  Clover  has  comparatively 
little  effect  upon  either  the  quantity  or  the  quality  of  the  produce ; 
and  as  Ammonia  is  worth  about  8d.  per  lb.  there  is,  of  course,  in 
the  case  of  such  manuring,  a  very  unprofitable  outlay  of  capital. 
If,  on  the  other  hand,  the  rich  dung  had  been  applied  to  the 
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Wheat  crop,  the  additional  90  lbs.  of  nitrogen,  equal  to  109  lbs. 
Ammonia,  would  probably  add  many  bushels  of  corn,  and  cwts.  of 
straw,  to  the  produce  of  the  immediate  crop. 

Upon  all  the  lighter  descriptions  of  soil  where  experience  has 
established  that  it  is  advantageous  to  use  dung  for  Wheat,  the 
l>est  qualities  of  it  should  be  devoted  to  that  crop.  Upon  the 
heavier  descriptions  of  soil  the  best  dung  should  be  applied  to  the 
Mangold  crop  :  in  the  following  list  the  crops  are  arranged  in 
something  like  the  order  in  which  they  stand  to  one  another,  in 
regard  to  the  quality  of  dung  they  respectively  require,  consider- 
ing Wheat  as  requiring  the  best : — 

Wheat 

Mangolds 

Swedes 

Common  Turnips 

Tares 

Beans 

Clover 

It  would  be  impossible  to  define  the  exact  qualities  of  laud 
on  which  it  is  advisable  to  employ  dung  for  the  Wlieat  crop.  The 
experience  of  the  district  is  generally  a  pretty  good  guide.  It  is, 
however,  only  upon  the  lighter  soils  that  the  practice  prevails. 
On  the  majority  of  the  soils  of  this  Country,  the  dung  can  be 
applied  to  greater  advantage  to  other  crops,  particularly  to  the 
Roots  ;  and  when  this  is  the  case,  the  Wheat  crop  may  be  grown 
by  the  aid  of  Artificial  Manures,  of  which  Peruvian  Guano  is  the 
best  for  the  purpose.  Where  Roots  are  grown  upon  heavy  land, 
one  of  the  beneficial  effects  of  the  use  of  dung  is  that  of  lightening 
the  soil.  For  the  Leguminous  crops  (Beans,  Tares,  and  Clover; 
no  Artificial  Manure  can  be  recommended. 

There  are  some  crops  which  it  may  be  said  are  hardly  worth 
growing  unless  they  can  be  manured  with  dung.  These  are 
Mangolds,  Beans,  and  Tares.  Other  roots  than  Mangolds  may 
be  grown  by  Artificial  Manures  when  they  follow  closely  on 
a  dunged  crop.  Mangolds  should  almost  always  receive  the 
best  dung  of  the  farm.  Beans  and  Tares  may  be  manured  with 
inferior  qualities  of  dung.  When  these  crops  are  not  grown,  the 
Swedes  and  Clover  should  receive  the  remainder  of  the  dung; 
that  of  the  best  quality  going  to  the  Swedes. 

The  following  Table  shows  which  of  the  most  important  crops, 
may,  according  to  circumstances,  be  manured  either  with  dung, 
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or  with  Artificial  Manures  in  addition,  or  as  substitutes  for  dung, 
and  also  those  which  cannot  with  advantage  be  manured  with 
Artificial  Manures : — 


Wheat  ... 

Dung 

or  Artificial 

Barley  ... 

Dung 

Artificial 

Oats 

Dung 

Artificial 

Mangolds 

Dung 

Artificial 

Swedes  ... 

Dung 

Artificial 

Common  Turnips  ... 

Dung 

Artificial 

Potatoes... 

Dung 

Artificial 

Tares  ... 

Dung 

Beans  ... 

Dung 

Clover  ... 

Dung 

Peas 

Dung 

A  few  observations  may  now  be  offered  on  the  nature  of  the 
Artificial  Manures  most  suited  to  the  different  crops,  and  on  the 
best  time  and  mode  of  their  application. 

It  will,  of  course,  be  perfectly  understood,  that  in  giving  any 
advice  on  the  use  of  Artificial  Manures,  it  is  pre-supposed  that  a 
Rotation  of  crops  is  followed  ;  that  the  green  crops  are  consumed 
upon  the  farm,  and  the  straw  of  the  corn-crop  also  retained, 
yielding  manure  for  return  to  the  land.  In  fact,  if  the  root-crops, 
hay,  and  straw,  were  taken  to  Market,  and  adequate  restoration 
not  made  by  means  of  stable  aod  other  town  manures,  the  ordinary 
Artificial  Manures  which  are  found  to  have  such  beneficial  effects 
under  existing  circumstances,  would  then  be  of  very  little  value. 

Peruvian  Guano,  Nitrate  of  Soda,  Sulphate  of  Ammonia,  and 
Superphosphate  of  Lime,  are  the  most  important  Artificial 
Manures ;  and  used  either  separately  or  in  combination,  in  the 
majority  of  cases  supply  what  is  necessary  in  addition  to  the 
home  manures  to  obtain  luxuriant  crops.  Other  Artificial  Manures 
are  either  so  uncertain  in  their  action,  or  only  locally  useful,  or  are 
so  limited  in  quantity  and  high  in  price,  as  to  render  a  considera- 
tion of  them  unimportant  for  our  present  purpose. 

WHEAT. 

On  the  heavier  descriptions  of  land,  2  to  8  cwts.  per  acre,  of 
Peruvian  Guano,  is  the  beStmanure  for  this  crop.  It  should  be  sown 
broad-cast  before  the  seed,  and  harrowed  in.  It  is  sometimes  mixed 
with  twice  its  weight  of  common  salt,  by  which,  as  well  as  by 
ashes,  or  other  matters,  a  more  equal  dfetribttiion  through  the  soil 
is  attained* 
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BARLEY  AND  OATS. 

When  either  of  these  crops  follows  a  Root-crop  which  has  been 
partially  or  wholly  removed  from  the  land,  a  mixture  of  equal  parts 
Peruvian  Guano,  or  Nitrate  of  Soda,  or  Sulphate  of  Ammonia,  and 
Superphosphate  of  Lime,  may  be  used  with  advantage.  The  selec- 
tion of  one  or  other  of  the  three  Nitrogenous  Manures  mentioned, 
should  depend  in  some  measure  upon  the  comparative  cost  of  each 
at  the  time.  About  1  cwt.  of  the  Guano,  Nitrate,  or  Sulphate,  and 
1  cwt.  of  Superphosphate  of  Lime,  will  generally  be  sufficient  for 
an  acre.  The  manure  should  be  sown  before  the  seed,  as  recom- 
mended for  Wheat.  When  one  corn-crop  follows  another,  as  Oats 
after  Wheat,  about  twice  as  much  of  the  Artificial  mixture  should 
be  used  as  under  ordinary  circumstances.  When  corn-crops  require 
to  be  top-dressed  late  in  the  Spring,  Nitrate  of  Soda  is  the  best 
manure  to  employ  ;  1  to  1$  cwt.  per  acre,  being  used. 

MEADOW  HAY. 

To  Grass-land  mown  for  Hay,  from  8  to  10  tons  of  rotten 
dung  should  be  applied  once  in  about  every  4  or  5  years,  in  the 
month  of  November.  The  Artificial  Manures  most  suitable  for 
Grass-land,  are,  Peruvian  Guano,  Salts  of  Ammonia,  and  Nitrate  of 
Soda.  When  either  of  these  manures  is  used  alone,  the  following 
quantities  may  be  applied  : — 

Peruvian  guano   2  to  2£  cwts.  per  acre. 

Salts  of  ammonia    1  „  if   „  „ 

Nitrate  of  soda    1  „  \\   „  „ 

One  cwt.  of  Nitrate  of  Soda,  mixed  with  one  cwt.  of  Superphos- 
phate of  lime,  is  also  a  very  good  manure.  Or,  a  mixture  of  equal 
parte  of  Peruvian  Guano,  Ammonia  Salts,  Nitrate  of  Soda,  and 
Superphosphate  of  Lime,  applied  at  the  rate  of  two  cwts.  per  acre, 
is  perhaps  the  most  generally  useful.  In  deciding  upon  the  exact 
combination  to  be  employed,  some  regard  should  be  had  to  the 
relative  cost  of  the  several  substances  at  the  time,  as  it  varies  con- 
siderably from  season  to  season. 

The  best  time  to  apply  the  Artificial  Manures  is  from  the  end 
of  January  to  the  midaleof  February  ;  if  the  application  is  delayed 
much  later  than  this,  Nitrate  of  Soda  is  the  best  manure  to  employ. 

MANGOLD  WURTZEL. 

This  crop  requires  to  be  very  liberally  manured.  The  best 
dung  at  command  should  be  employed  ;  10, 15,  or  even  20  tons  per 
acre,  being  spread  after  the  landf  is  drawn  in  ridges,  and  previous  to 
their  being  split ;  and  2  to  3  cwts.  of  Peruvian  Guano  mixed  with 
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twice  its  weight  of  common  salt,  should  be  strained  by  hand  on  the 
top  of  the  dung.  Common  salt  appears  to  act  more  beneficially  as  a 
manure  for  Mangolds  than  for  any  other  crop  of  the  farm  ;  it  ako 

S reduces  marked  effects  upon  the  growth  of  Asparagus  in  our  gar- 
ens.    Both  plants  are  in  fact  indigenous  to  the  sea  coast. 

TURNIPS. 

When  Swedes,  or  common  Turnips,  follow  a  corn-crop  which 
had  been  manured  by  farm-yard  dung,  the  roots  may  be  grown  by 
Artificial  Manures  alone.  From  2£  to  8  cwts.  of  Superphosphate  of 
Lime  should  be  drilled  with  the  seed  ;  and  in  the  case  of  Swedes 
(excepting  when  sown  late,  or  the  land  be  considered  in  good  con- 
dition) from  2  to  8  cwts.  of  Peruvian  Guano  may  be  used  in  addition. 
If  the  preceding  crop  has  not  been  manured  by  dung,  7  to  10  tons 
per  acre,  should  be  applied  ;  2£  cwts.  of  Superphosphate  of  Lime 
being  drilled  with  the  seed ;  and  if  the  dung  used  be  poor,  2  cwts. 
of  Peruvian  Guano  may  be  strained  over  it  in  the  drills.  Or,  where 
no  manure-drill  is  employed,  the  Superphosphate  of  Lime  may  be 
sown  broad-cast  after  the  dung  is  spread,  either  alone,  or  mixed 
with  guano,  as  the  case  may  require.  These  manures  do  not  re-act 
injuriously  upon  each  other  when  mixed  together ;  but  the  guano 
is  liable  to  be  injurious  to  the  young  Turnip  plant  if  brought  in 
close  contact  with  it.  Hence,  when  guano  and  Superphosphate  of 
Lime  are  mixed  together,  and  sown  by  the  drill,  2  or  3  inches  of 
soil  should  intervene  between  the  manure  and  the  seed. 

Bone  dust,  and  its  modern  ally  Superphosphate  of  Lime,  are 
the  staple  Artificial  Manures  for  the  Turnip  crop.  In  the  latter 
manure,  a  vast  quantity  of  Mineral  Phosphates,  which  are  quite 
worthless  as  manures  in  their  natural  condition,  are  rendered  soluble 
by  the  addition  of  Sulphuric  acid  ;  and  when  applied  to  the  land  so 
prepared,  they  are  readily  taken  up  by  the  roots  of  the  plant. 
Much  manure  is  now  made  from  burnt  bones,  and  is  called  Bone 
Stitperphosphate ;  but  such  manure  possesses  no  higher  value  than 
Superphosphate  made  from  mineral  phosphate.  Superphosphate 
made  from  common  un-burnt  bones  has,  however,  a  much  higher 
value.  But  un-burnt  bones  and  Sulphuric  Acid  alone,  will  not  make 
a  manure  sufficiently  dry  to  be  packed  in  bags,  or  to  be  applied  by 
the  drill.  It  is  necessary,  therefore,  when  bones  are  used  for  making 
Superphosphate,  to  mix  them  with  a  certain  portion  of  mineral 
phosphates,  and  a  manure  so  made  is  superior  to  any  other  for  the 
Turnip  crop. 

On  many  soils  the  decomposition  of  common  bone-dust  does  not 
take  place  qaickly  enough  for  the  Turnip  crop.   But  on  those  in 
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which  the  action  is  sufficiently  rapid,  the  preference  should  be  given 
to  Bones  rather  than  to  Superphosphate,  when  they  can  be  purchased 
at  a  moderate  price ;  though  when  they  become  dear,  which 
generally  happens  every  4  or  5  years,  a  change  to  Superphosphate 
of  Lime  would  be  desirable. 

Whilst  on  the  subject  of  Turnips,  a  few  observations  may  be 
made  on  the  increasing  tendency  of  the  crop  to  decay  of  late 
years.  This  is  supposed  by  many  to  be  in  some  way  connected 
with  the  extensive  use  of  Artificial  Manures  for  the  growth  of  the 
crop.  The  three  conditions  under  which  the  decay  of  the  roots  is 
most  likely  to  take  place  are — 

1.  When  they  contain  a  large  proportion  of  water. 

2.  When  the  bulb  is  large. 

3.  If  the  bulbs  are  too  ripe  when  the  growth  is  arrested 

by  Winter. 

From  the  results  of  experiments  conducted  at  Rothamsted  for 
many  years,  it  does  not  appear  that  the  proportion  of  water  in.the 
Turnip  is  increased  by  the  use  of  Artificial  Manures.  Some  of 
the  descriptions  of  Turnips  of  comparatively  modern  introduction 
do,  however,  contain  a  higher  per-centage  of  water  than  some  of 
the  older  sorts.  An  examination  made  here  showed,  that  whilst 
the  old  purple  top  Swede  contained  about  12±  per  cent,  of  dry 
substance,  the  green  and  purple  top  Skirving  s  did  not  contain 
quite  9^  per  cent.  It  would  be  expected  that,  with  such  a  marked 
difference  as  this  in  the  amount  of  dry  matter,  there  would  be  a 
great  difference  in  the  power  of  resisting  changes  of  temperature  ; 
and  it  seems  to  be  generally  admitted  that  the  Skirving's  8wede 
will  decay  under  circumstances  in  which  some  other  descriptions 
will  remain  sound. 

It  appears  to  be  a  recognized  fact  that  large  roots  are  more 
liable  to  decay  than  smaller  ones ;  and  inasmuch  as  Artificial 
Manures  tend  to  increase  the  size  of  the  roots,  they  may  be  said,  in 
this  sense,  indirectly  to   injure    their   keeping    properties ; 


tend  to  induce  early  maturity,  as  well  as  great  size. 

When  Turnips  arrive  at  maturity  before  the  cold  weather  sets 
in,  they  have  less  power  to  resist  the  attacks  of  frost  than  roots 
which  are  immature  and  still  in  a  growing  state.  In  regard  to 
keeping  properties,  the  ripe  Turnip  may  be  compared  to  apples  or 
pears  which  are  fit  for  the  table  in  the  Autumn,  and  the  teas  ripe 
one  to  fruit  of  the  same  description  which  only  becomes  ripe  after  it 


and  especially  so  if  the  Artificial 
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has  been  gathered  for  some  time.  Our  experiments  show  that  not 
only  the  size  and  quality  of  the  Turnip,  but  the  period  at  which  it 
mil  reach  a  given  point  of  maturity,  is  very  greatly  influenced  by 
the  kind  of  Artificial  Manure  employed.  Seed  sown  on  the  same 
day  will  yield  Turnips,  at  a  given  period  in  the  Autumn,  in  a 
perfectly  mature  condition,  and  in  various  stages  approaching 
maturity,  according  to  the  description  of  manure.  The  so-called 
Mineral  Manures,  of  which  Superphosphate  of  Lime  is  the  most 
important  in  use  for  the  crop,  bring  the  plant  to  early  maturity. 
Nitrogenous  Manures  on  the  other  hand,  tend  to  retard  maturity. 

When  Turnips  are  required  for  early  Autumn  food,  they  should 
be  sown  early,  and  Superphosphate  of  Lime  should  be  drilled  with 
the  seed.  Besides  the  effect  of  Superphosphate  of  Lime  in  rapidly 
developing  the  young  plant,  and  hence  frequently  securing  the 
crop,  its  influence  in  hastening  maturity  also  enables  the  Farmer, 
by  its  use,  to  sow  later  than  he  otherwise  could  do,  and  thus  to 
devote  a  longer  period  of  time  to  the  tillage  of  his  land.  Early 
sown  Turnips  required  for  feeding  later,  or  to  stand  the  Winter, 
should  have  their  growth  prolonged  by  the  use  of  a  larger  propor- 
tipn  of  Nitrogenous  Manures,  such  as  Peruvian  Guano,  provided 
the  Dung  employed  be  not  rich  enough  to  carry  the  crop. 

POTATOES. 

The  amount  of  Mineral  matter  in  the  acreage  produce  of  a 
root  crop,  is  very  large  indeed  compared  either  with  that  in  the 
meat  produced  by  its  consumption,  or  in  the  portion  of  a  corn-crop 
usually  taken  to  market.  Hence,  when  a  root-crop  is  sold,  there 
should  be  a  restoration  of  mineral  matter  from  some  source  external 
to  the  farm  itself.  The  following  statement  of  the  amount  of 
mineral  matter  contained  in  a  moderate  crop  of  Wheat-grain  and 
of  Potatoes,  will  illustrate  the  point — 

Mineral  Matter. 

28  Bushels  of  Wheat-grain   28  lbs. 

8  Tons  of  Potatoes  180  „ 

Of  Potash  alone,  the  8  tons  of  Potatoes  will  contain  about  8 
times  as  much  as  the  28  bushels  of  Wheat.  The  Salts  of  Potash  are, 
however,  very  high  in  price.  In  fact  it  would  not  be  economical  to 
restore  the  whole  of  the  mineral  constituents  of  the  Potatoes  in 
the  form  of  the  so-called  artificial  manures.  For  this  reason,  and 
also  for  the  restoration  of  organic  substance,  it  is  necessary, 
whenever  roots,  bay,  or  straw,  are  extensively  sold,  to  bring 
upon  the  farm  some  of  the  more  bulky  manuring  matters 
wmoh  the  locality  affords  ;  such  as  stable  dung,  or  other  town  ma- 
nure^jsea-weed,  or  even  fern  or  brake  from  neighbouring  wastes,  for 
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litter.  The  exhaustion  by  the  sale  of  Potatoes  may  be  compensated 
for  by  bringing  upon  the  farm  a  sufficient  quantity  of  any  of  the 
manuring  matters  just  mentioned. 

It  is  the  general  practice  to  dung  heavily  for  Potatoes.  Al- 
though the  crop  might  not  be  so  large,  it  is  probable  that  if  Potatoes 
were  taken  after  some  other  crop  well  dunged,  instead  of  the  Dung 
being  applied  directly  for  their  growth,  they  would  be  less  liable  to 
disease.  Supposing  this  plan  adopted,  8  to  4  cwts.  per  acre,  of  an 
equal  mixture  of  Peruvian  Guano  and  Superphosphate  of  Lime  should 
be  used  for  the  Potatoes.  Or,  in  case  of  dung  being  employed,  the 
best  mode  of  application  would  be  to  plough  it  into  the  land  in  the 
Autumn,  the  Potatoes  being  set  in  the  following  Spring. 


From  the  whole  of  the  above  remarks  upon  the  manuring  of 
the  different  crops  it  will  be  obvious,  that  tne  so-called  Artificial 
Manures  should  only  be  looked  upon  and  used  as  aids  to  the  more 
natural  manures  of  the  farm.  It  will  be  obvious  too,  that  when 
the  sale  of  Hay,  Straw,  Potatoes,  or  Roots,  constitutes  a 
prominent  part  of  the  practice  of  the  farm,  adequate  restoration 
should  be  made  by  means  of  other  manures  than  those  which  are 
usually  called  "Artificial,"  from  some  source  external  to  the  ordi- 
nary resources  of  the  farm. 


As  this  paper  may  perhaps  find  its  way  into  the  hands  of  some 
who  are  interested  m  the  cultivation  of  the  Hop,  or  Sugar  cane,  a 
few  observations  may  be  made  as  to  the  manures  required  for  these 
important  crops. 

HOPS. 

In  order  to  cultivate  the  Hop  with  success,  it  is  necessary  to 
manure  liberally  with  the  bulky  animal  and  vegetable  manures. 
The  light  Artificial  Manures,  which  can  frequently  with  advantage 
be  used  alone  for  some  of  the  crops  of  an  ordinary  rotation,  when 
others  grown  in  alternation  with  them  are  well  dunged,  should  only 
be  used  in  conjunction  with  the  more  bulky  manures  in  the  cultiva- 
tion of  the  Hop. 

Dung,  woollen  rags,  shoddy,  skin  clippings,  and  the  like,  are 
all  valuable  manures  for  the  Hop  ;  and  one  or  more  of  these  should 
always  be  liberally  employed  for  this  crop.  In  farm-yard  dung,  the 
proportions  of  Mineral  matter,  and  of  Organic  matter  yielding  Car- 
bonic Acid  and  some  other  Organic  compounds  in  the  soil,  are 
comparatively  large ;  but  the  amount  of  Nitrogen  or  Ammonia- 
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yielding  matter  is  small.  With  this  manure  there  should,  therefore, 
also  be  employed  woollen  rags,  shoddy,  or  skin  clippings,  which  are 
rich  in  Ammonia-yielding  substance,  but  poor  in  Mineral  matter. 
Rape  cake  is  also  an  exceedingly  good  manure  for  Hops.  Peruvian 
Guano  may  also  be  used  with  advantage,  in  addition  to,  but  not  as  a 
substitute  for,  the  more  bulky  manures. 

Besides  the  above  named  manures,  some  of  which  may  be  con- 
sidered as  essential  to  the  successful  cultivation  of  the  Hop,  more 
attention  should  be  paid  to  the  application  of  top-dressings  of 
Soluble  Nitrogenous  Manures  late  in  the  season,  than  has  hitherto 
been  devoted  to  it.  I  was  engaged  in  a  series  of  experiments  with 
different  manures  on  the  Hop,  with  the  late  Mr.  Paine,  of  Farn- 
ham,  the  results  of  which  promised  to  be  of  great  value ;  but, 
unfortunately,  the  continuance  of  them  was  prevented  by  his  illness 
and  death.  It  was  found  that  the  application  of  3  or  4  cwts.  of 
Sulphate  of  Ammonia,  per  acre,  in  the  month  of  July,  produced 
most  striking  effects.  In  some  instances  all  disease  was  arrested, 
and  a  large  crop  of  Hops  obtained  from  bines  which,  to  all  appear- 
ance, would  have  produced  a  very  small  one  without  the  top-dressing. 
It  is  very  desirable  that  further  trials  with  Salts  of  Ammonia,  top- 
dressed  at  the  period  of  growth  above  referred  to,  should  be  made. 

THE  SUGAR  CANE. 

The  Sugar  Cane  is  a  member  of  the  same  great  botanical 
family,  to  which  our  cultivated  grain-crops  belong.  It  is  found  that 
with  these  (provided  that  the  soil  supply  a  sufficiency  of  the  mineral 
constituents)  the  amount  of  carbon  fixed  by  the  plant,  depends  very 
materially  on  the  amount  of  available  nitrogen  within  the  soil.  In 
the  absence  of  direct  experiment,  there  are  reasons  for  supposing 
that  the  result  would  be  very  similar  with  the  Sugar  Cane  ;  though, 
under  a  tropical  sun,  the  amount  of  carbon  fixed,  under  otherwise 
equal  circumstances,  is  very  much  greater. 

Sugar,  a  compound  containing  neither  mineral  matter  nor 
nitrogen,  and  denving  its  constituents  largely  from  the  atmosphere, 
is  the  only  necessary  export  from  the  plantation.  The  amount  of 
mineral  matters  removed  from  the  land  in  the  crop  is  undoubtedly 
large  ;  but  they  should  not  be  ultimately  lost  to  the  soil.  The  whole 
of  these  constituents  should  be  found  in  the  ashes  of  the  stoke-hole 
where  the  cane  is  burnt,  and  they  should  be  carefully  collected  and 
returned  to  the  land.  A  little  Phosphate,  in  the  rapidly  acting  con- 
dition of  Superphosphate  of  Lime,  is  probably  the  only  additional 
mineral  manure  that  would  be  required.  Provided  the  supply  of 
mineral  constituents  be  kept  up  as  here  supposed,  it  is  not  easy  to 


14 


see  why  perfect  fertility  might  not  then  be  maintained  by  means 
of  a  due  supply  of  nitrogenous  manures. 

On  the  grounds  above  suggested,  I  should  recommend  as  an 
Artificial  Manure  for  the  Sugar  Cane,  a  mixture  of  about  1  cwt.  of 
Superphosphate  of  Lime,  and  3  to  5  cwts.  of  Sulphate  of  Ammonia, 
per  acre ;  or  Peruvian  Guano,  in  amount  equal  to  the  same  money 
value.  Each  hill  of  Canes  should  receive  its  measured  quantity, 
which  should  be  hoed  under  the  soil  as  quickly  as  possible,  either 
immediately  before,  or  during  the  rainy  season. 

Nitrate  of  Soda,  and  muriate  of  ammonia,  would  probably  act  as 
well  as  Sulphate  of  Ammonia,  in  increasing  the  growth  of  the  Cane 
but  it  is  to  be  feared  that,  with  their  use,  the  juice  would  be  more 
likely  to  contain  saline  matters  which  would  interfere  with  the  pro- 
per crystallization  of  the  Sugar. 

In  thus  recommending  only  Sulphate  of  Ammonia  and  super- 
phosphate of  Lime,  or  Peruvian  Guano,  as  the  Artfiicial  Manures  for 
the  Sugar  Cane,  it  must  be  clearly  understood,  that  this  is  only  on 
the  supposition  that  the  mineral  matters  of  the  removed  crop,  are 
duly  returned  to  the  land.  If  Sulphate  of  Ammonia  be  used  without 
attending  to  this  precaution,  a  continued  beneficial  result  cannot 
be  expected,  any  more  than  were  it  employed  for  the  corn  crops 
grown  in  our  rotations,  without  observing  the  ordinary  conditions 
of  such  growth.  These  conditions  are  the  systematic  periodical 
return  to  the  land  of  by  far  the  greater  part  of  the  mineral 
matters  of  the  crops  (with  perhaps  those  of  purchased  cattle 
food  also),  bv  means  of  the  home  Manures  ;  ana,  when  Artificial 
Nitrogenous  Manures  are  purchased,  the  almost  invariable  practice 
is  to  import  Phosphatic  Manures  in  addition. 


ON  THE  UNEQUAL  DISTRIBUTION  OF  MANURES 

ON  THE  FARM. 

From  the  subject  of  the  adaptation  of  different  manures  to 
different  crops,  I  now  turn  to  that  of  their  distribution  over  the 
farm.  It  is  not  my  intention  to  enter  at  all  fully  into  this  question  ; 
or  to  lay  down  specific  rules  in  regard  to  it,  for  application  in  prac- 
tice. What  I  propose  to  do  is,  simply  to  call  attention  to  one  or  two 
illustrations  of  the  unequal  distribution  of  the  manures  over  the  farm, 
such  as  may  easily  occur  in  the  ordinary  course  of  practice  ;  and  to 
supply  a  Table,  which  will  be  found  at  the  end  of  this  Paper, 
showing  the  average  composition  of  different  kinds  of  agricul- 
tural produce,  &c,  by  means  of  which  any  thoughtful  and  intelligent 
Farmer  will  be  enabled  to  work  out  for  himself,  what  his  own 
practice  requires. 
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It  is  a  matter  of' common  experience  in  farming,  that  the  same 
and,  manured  in  the  same  way,  will  yield  very  different  amounts  of 
produce  in  different  years,  according  to  the  characters  of  the  season 
n  regard  to  heat  and  moisture.  I  will  take  an  example  from  my 
)wn  Farm. 

The  Mangold  crop  was  manured  in  the  same  way  in  1859,  and 
in  1860.  A  portion  of  thfe  crop  of  1859  was  weighed,  and  the  result 
indicated  an  average  of  49  tons  of  Boots  per  acre.  The  crop  of 
1860  was  not  weighed  ;  but  it  was  estimated  at  less  than  half  that 
of  1859.  For  the  sake  of  argument,  we  will  suppose  it  to  be  one- 
half,  and  the  per-centage  composition  of  the  crop  (which  would 
not  differ  sufficiently  to  affect  the  question  J  to  be  the  same 
in  the  two  cases.  Both  crops  being  removed  from  the  land, 
it  is  obvious,  that  the  soil  which  was  in  both  cases  manured  to  carry 
the  whole  course,  was  deprived  of  twice  as  much  of  certain  constitu- 
ents by  the  first  crop  of  the  rotation — the  Mangolds — in  the  one 
case  as  in  the  other.  It  would,  therefore,  be  in  very  different  con- 
dition for  succeeding  crops  in  the  two  cases,  in  regard  to  the 
immediately  available  supply  of  those  constituents. 

Thus,  estimating  the  Nitrogen  in  the  fresh  Mangolds  at  0*25 
per  cent.,  and  the  total  Mineral  matter  at  1  per  cent.,  there  were 
removed  per  acre — 

Nitrogen.  Total  Mineral  matter. 
In  the  Mangold  crop  of  1859  .    274  lbs.       1098  lbs. 
In  the  Mangold  crop  of  1860  .    187  „  549  „ 


More  in  1859  than  in  1860  .    137  „  549  „ 


It  may  be  asked,  whether,  in  the  majority  of  cases,  any  further 
attempt  would  be  made  to  equalize  the  condition  of  these  two  fields 
for  the  growth  of  the  succeeding  crops  of  the  course,  than  by  the 
application  of  some  light  Artificial  Manure,  rich  in  Nitrogen,  to  the 
Corn  crops  ? — which,  if  it  gave  an  increase  of  produce,  would  further 
disturb  the  equilibrium,  so  far  as  the  mineral  constituents  not 
supplied  by  the  Artificial  Manure,  were  concerned. 

On  the  supposition  that  the  137  lbs.  more  nitrogen  taken  off  in 
the  larger  crop  of  Mangolds  than  in  the  smaller,  was  derived  from 
the  Manure  and  the  soil,  it  would  require  10  or  12  tons  of  Dung  of 
medium  quality  for  its  restoration;  or,  for  the  restoration  of  the 
extra  amount  of  Potash  taken  from  the  land,  it  would  require 
nearly  the  same  amount  of  Dung. 

On  the  assumption  that  the  course  of  Rotation  was  Mangolds, 
Barley,  Leguminous  crop,  and  Wheat,  the  extra  drain  of  mineral 
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constituents  by  the  removal  of  the  larger  crop  of  Mangolds,  would  be 
best  compensated  by  the  application  of  Dong  for  the  Leguminous 
Crop  following  the  Barley. 

To  take  another  case  of  the  unequal  distribution  of  manuring 
matters  over  the  farm :  Suppose  Turnips  to  be  manured  in  one 
field  with  2  cwt.  of  Peruvian  Guano  and  2  cwts.  of  Superphosphate 
bf  Lime,  and  in  another  with  10  tons  of  Dung  ;  that  in  both  cases 
half  the  crop  of  Swedes  is  drawn  off  ;  Barley  following  without 
manure  ;  then  Clover  mown  for  Hay ;  and  lastly,  Wheat  following 
the  Clover.  For  simplicity  of  illustration  I  will  suppose  the  amounts 
of  the  corresponding  crops  be  the  same  throughout  the  two  courses 
commencing  with  this  irregularity ;  though,  in  the  case  of  light 
soils,  of  land  in  poor  condition,  or  of  bad  seasons,  the  evil  effects 
would  probably  be  observed  in  the  immediately  succeeding  crops. 

The  following  statement  will  show  roughly  the  difference  in  the 
condition  of  the  two  fields  in  regard  to  the  amount  of  total  mineral 
matter  dependent  on  the  kind  of  manure  supplied  to  carry  the  course. 


Swedes  manured 
with  10  tons  Dung; 
containing  34  per 
cent  mineral  mat- 
ter.* 

Swedes  manured 
with  2  cwt  Peru- 
vian Guano,  and  2 
cwt.  Superphos- 
phate of  Lime. 

Mineral  Matter  supplied  in  Manure 
Mineral  Matter  removed  in — 
8  tons  of  Swedes  .... 
40  Bushels  of  Barley,  and  Straw 
2  tons  of  Clover  Hay  .   .  . 
80  Bushels  Wheat,  and  Straw 

90 
170 
S36 
180 

784 

90 
170 
SS6 
180 

216 

776 

784 
776 

776 

216 
776 

|          Gain  8 

1 

Loss  560 
8 

Difference  between  the  two  fields   568 


Thus,  under  the  circumstance  supposed,  where  the  Dung  was 
supplied  for  the  Swedes ;  there  was  a  gain  of  8  lbs.  of  mineral  matter 
at  the  end  of  the  course ;  but  where  the  Artificial  Manures  were 
used,  the  land  was  poorer  by  560  lbs.  of  mineral  matter.  There  was, 
therefore,  a  difference  in  the  condition  of  the  land  in  the  two  oase^at 
the  end  of  4  years,  amounting  to  568  lbs.  of  mineral  matter,depending 
on  the  different  method  of  manuring.  It  must  be  further  remem- 
bered, that  in  the  Dung  a  great  variety  of  mineral  constituents  would 

*  Fresh  undeeomvosed  Dung,  will  probably  seldom  oontain  much  mote 
than  3  per-oent.  of  mineral  matter  exclusive  of  dirt ;  but  after  Dung  has 
lost  organic  matter  by  rotting,  the  percentage  will  be  higher. 
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be  supplied,  and  pretty  nearly  in  the  proportion  in  which  they  would 
be  required  by  the  crops ;  whereas,  in  the  Artificial  Manures,  this 
would  not  be  the  case.  It  is  obvious,  that  the  field  manured  with  only 
Artificial  Manure  for  the  Swedes,  should  receive  a  much  heavier 
dressing  of  Dung  for  the  succeeding  course,  than  the  other. 

Numerous  other  cases  of  disturbance  might  be  supposed.  For 
instance,  in  the  case  of  the  land  manured  with  farm-yard  dung,  the 
Clover  might  be  grazed  instead  of  mown  and  removed  as  Hay,  and 
then  the  balance  between  the  two  fields  would  be  still  further  thrown 
out.  But  the  illustrations  given  will  perhaps  be  sufficient  to  impress 
upon  the  mind  of  the  intelligent  Farmer,  the  importance  of  carefully 
arranging  his  practice  so  as  to  prevent,  as  far  as  possible,  any  suob 
unequal  distribution  over  his  farm  of  the  manures  at  his  command. 


FARM-YARD  MANURE. 

Farm-yard  manure  is  generally  looked  upon  as  the  natural 
manure  of  our  crops.  Artificial  Immures,  on  the  other  hand,  are 
frequently  supposed  to  be  mere  stimulants  ;  and  the  very  fact  that 
but  a  small  quantity  of  them  may  produce  as  much  increase  of  crop 
as  a  very  large  quantity  of  farm-yard  manure,  is  brought  as  an 
argument  against  the  use  of  the  Artificial  Manures.  It  will  not  be 
out  of  place  to  conclude  with  a  few  observations  upon  the  sources, 
and  the  composition,  of  farm-yard  manure. 

It  is  well-known,  that  the  straw  of  our  corn-crops,  and  the  solid 
and  liquid  excrements  of  horses  and  other  animals  fed  in  the  stables, 
sheds,  and  yards,  are  the  substances  which  contribute  to  form  the 
heterogeneous  mass  called  farm-yard  dung.   Let  us  estimate  what 

Eroportion  of  these  various  matters  will,  under  given  circumstances, 
e  included  in  the  complex  mass  ;  and  thence  endeavour  to  arrive  at 
some  conclusion  as  to  its  composition. 

Suppose  the  case  of  a  farm  of  400  acres,  farmed  on  the  4  course 
system  :  that  half  of  the  roots,  and  100  tons  of  Hay,  are  consumed 
at  the  homestead  ;  and  that  the  whole  of  the  straw  of  the  corn-crope 
is  retained  at  home  as  food  and  litter.  Let  it  further  be  assumed  that 
12  horses  have  corn  equal  to  10  lbs.  of  Oats  per  head  per  day  ;  and 
that  about  10  shillings  per  acre  are  expended  in  the  purchase  of 
Cake  for  feeding  stock.  Under  these  circumstances,  the  following 
would  be  the  amounts  of  the  matters  enumerated,  entering  into  the 
home  manures  of  the  farm  in  the  course  of  the  year. 
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Total 
Dry 
Matter. 

Total 
Mineral 
Matter. 

(ash) 

Phospho- 
ric Acid, 
reckoned 
as  Phos- 
phate of 
Lime. 

Potash 

Nitro- 
gen. 

Nitro- 
gen 
calcu- 
lated 
as  Am- 
monia. 

100  acres  roots  ;  half ' 
the  crop=6  tons  per  1 
acre,  consumed  at 
home,give  as  Manure 

lbs. 
29568 

lbs. 
7741 

lbs. 

1686 

lbs. 
2411 

lbs. 
2512 

lbs. 
3050 

100  acres  Barley,  at" 
2500  lbs.  straw  per 
acre  ;  1 -5th  reckoned 
as  food,  and  4-5ths 
as  litter,  give  as  Ma- 

198333 

11138 

916 

1574 

1213 

1473 

100  tons  of  Hay  con-1 
somed  at  home,  give 
as  Manure  „ 

94080 

14818 

2267 

3124 

3808 

4624 

100  acresof  Wheat ;  at » 
3000  lbs.  straw  per 
acre  ;  l-5th  reckoned 
as  food,  and  4-5ths  as 
litter,  give  as  Ma- 

235200 

14850 

1634 

1948 

1746 

2120 

Corn=43800  lbs.  of] 
Oats,  consumed  by  1 
horses,  give  as  Ma-  , 

• 

7534 

1198 

487 

216 

745 

905 

20  tons  of  Oil  Cake  ] 
(Linseed,  Rape,  and 
Cotton  Seed),  con-  \ 
somed  at  home,  give 

9930 

3295 

2507 

963 

2185 

2653 

Total 

574645 

53040 

9497 

10236 

12209 

14825 

These  are,  as  nearly  as  can  be  reckoned,  the  average  amounts  of  the 
constituents  enumerated,  that  would  contribute  to  the  home  manure 
of  the  farm  annually.  But  farm-yard  manure,  in  the  fresh  state,  and 
before  it  has  undergone  much  decomposition, contains  about  70per 
cent,  of  water,  or  7  parts  of  water  to  8  parts  of  dry  matter.  The 
574,645  lbs.  of  dry  matter,  would  thus  be  combined  with  1,840,838 
lbs.  of  water,  making  together  1,915,483  lbs.=855  Tons  (or  an  aver- 
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age  of  about  8£  Tons  for  each  of  the  100  acres  of  Root-crop),  of  fresh 
un-decomposed  dung.  In  this  state,  its  composition,  per  cent.,  and 
per  ton,  would  be  as  follows  : — 


! 

Tribal 

Dry 
1  Matter. 

Mineral 
Matter. 
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This  is  the  composition  of  the  fresh  un-decomposed  dung  calcu- 
lated from  the  average  composition  of  the  matters  which  are 
supposed  to  enter  into  it. 

The  proportion  of  total  Dry  Matter  given  above,  is  rather 
higher  than  the  average  of  results  obtained  at  Rothamsted  with 
good  box  dung  ;  it  is  also  higher  than  the  average  of  the  results 
given  by  Boussingault  ;  but  is  lower  than  the  amount  given  by 
Professor  Voblcker  for  fresh  dung. 

The  amount  of  Mineral  Matter  found  by  analysis  in  farm-yard 
manure,  is  generally  at  least  once-and-a-half  or  twice  as  much,  as 
that  contained  in  the  clean  food  and  litter,  owing  to  the  admixture 
of  dirt.  The  amount  of  Mineral  matter  in  fresh  dung  due  to  the 
Mineral  constituents  of  the  food  and  litter,  will  probably  seldom 
be  much  more  than  3  per  cent. ;  but  in  rotten  dung  that  has  not 
wasted  by  drainage,  it  may  be  considerably  more. 

The  calculated  amount  of  Nitrogen  given  above,  is  almost 
exactly  the  mean  of  the  results  of  Boussingault  and  Voeloker,  on 
fresh  dung ;  but  it  is  rather  less  than  has  been  found  at  Rothamsted 
in  good  box-dung. 

But  farm-yard  manure  undergoes  very  considerable  diminution 
by  decomposition ;  and  especially  when  carted  out  and  formed  into 
clamps.  Hence,  the  land  would  not  receive  so  large  a  quantity  of 
matter  as  has  been  above  estimated.  The  amount  of  organic  matter 
diminishes  very  considerably;  and  in  rotten  dung  the  proportion  of 
water  is  generally  higher  than  above  supposed.  It  also  too  frequently 
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happens  that  both  Mineral  matter  and  Nitrogen  are  allowed  to  go  to 
waste  by  drainage,  or  other  mismanagement.  Otherwise,  as  the 
organic  matter  diminishes,  the  amount  both  of  Mineral  matter,  and 
of  Nitrogen,  should  increase  in  proportion  to  a  given  weight  oi  the 
manure. 

The  composition  and  value  of  the  manure  is  also  very  dependent 
upon  the  quality  of  the  food  consumed  by  the  animals  that  help  to 

Sroduce  it.  Thus,  if  the  same  amount  of  dung  had  been  produced 
rom  the  same  materials  above-mentioned,  excluding  the  20  tons  of  Oil 
Cake,  the  yard  of  manure  would  have  contained  2185  lbs.  less  of 
nitrogen,  equal  to  2658  lbs.,  or  considerably  above  a  ton.  less  of 
ammonia  ;  and  every  ton  of  the  dung  would  have  contained  nitro- 
gen equal  to  only  about  14£  instead  of  about  17|  lbs.  of  ammonia. 
In  the  one  case  the  dung  would  be  called  poor,  and  in  the  other 
the  Farmer  might  congratulate  himself  on  having  a  yard  of  moder- 
ately good  dung.  Tet  the  whole  weight  of  dry  substance  added  by 
the  Oil  Cake  to  each  ton  of  dung,  would  only  be  about  11  lbs.  !— 
a  quantity  which  is  so  small  that  neithei  the  man  that  loaded  the 
cart,  nor  the  horse  that  drew  the  dung  to  the  field,  would  detect  it. 
If  40  tons  instead  of  20  tons  of  Oil  Cake  had  been  employed  with 
the  same  amount  of  litter,  only  about  another  11  lbs.  of  dry  sub- 
stance would  be  added  to  each  ton  of  the  manure,  but  the  yard  of 
manure  would  then  be  equal  in  quality  to  rich  box-dung.  In  fact, 
the  consumption  of  £400  worth,  or  about  40  tons  of  Cake,  would 
only  add  about  10  tons  of  dry  substance  to  the  manure  heap  ;  whilst 
the  weight  of  Peruvian  Guano  obtained  for  the  same  money,  would 
be  about  30  tons. 

It  is  quite  immaterial  to  the  growth  of  the  crops,  whether 
the  additional  amount  of  nitrogen  be  purchased  in  the  form  of  Oil 
Cake,  and  so  supplied  to  the  land  in  the  farm-yard  manure,  or 
whether  it  be  purchased  and  applied  in  the  form  of  Artificial  Man- 
ure, provided  only  that  the  requisite  mineral  constituents  are  not 
wanting.  It  is  also  a  matter  of  indifference  to  the  crops,  whether  the 
necessary  mineral  constituents  are  supplied  in  the  form  of  the 
excrements  of  animals,  or  of  Artificial  Manures.  The  question  is  en- 
tirely one  of  economy,  depending  chiefly,  on  the  relative  prices 
of  meat  and  corn,  and  of  cattle  foods  and  Artificial  Manures. 
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From  the  Report  of  Me  British  Association  for  the  Advancement 
o/Science/ot  1861. 
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WITH 

THE  EXHAUSTION  OF  SOILS. 
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Abstract. 


The  question  of  the  exhaustion  of  soils  was  one  of  peculiar  interest  at  the  present 
time,  not  only  on  account  of  the  great  attention  now  paid  to  the  waste  of  manuring 
matters  by  the  discharge  of  the  sewage  of  towns  into  our  rivers,  but  also  from  the 
fact  that  baron  Liebig  nas  recently  urged  that  our  soils  are  suffering  progressive 
exhaustion  from  this  cause,  and  predicted  certain,  though  it  may  be  distant,  ruin  to 
the  nation,  if  our  present  modes  of  procedure  be  persevered  in. 

The  question  was  one  of  chemical  facts ;  and  the  authors  had  intended  to  treat  it 
much  more  comprehensively  than  they  were  able  to  do  on  the  present  occasion. 
They  proposed,  dj  way  of  illustration,  to  bring  forward  one  special  case  of  pro- 
gressive exhaustion,  occurring  in  the  course  of  their  own  investigations ;  and  then 
to  contrast  the  conditions  of  that  result  with  those  of  ordinary  agriculture. 

They  had  grown  wheat  for  eighteen  years  consecutively  on  the  same  land, 
respectively  without  manure,  with  farm-yard  manure,  and  with  different  consti- 
tuents of  manure,  and  they  had  determined  the  amounts  of  the  different  miner*! 
constituents  taken  off  in  the  crop  from  the  respective  plots.  Numerous  Tables  of 
the  results  were  exhibited. 

The  variations  in  the  composition  of  the  ash  of  both  grain  and  stew,  dependent 
on  variations  of  season,  and  consequent  character  of  development  and  maturity, 
were  first  pointed  out.  The  general  result  was,  that,  with  an  unfavourable  season, 
there  was  a  slight  though  appreciable  decrease  in  the  percentage  of  lime  and 
potass,  and  increase  in  that  or  magnesia ;  and  again,  an  increase  in  the  percentage 
of  phosphoric  acid  and  of  silica;  and,  especially  in  the  case  of  the  straw-ash,  s 
decrease  in  that  of  sulphuric  acid. 

Turning  to  the  bearing  of  the  results  on  the  main  subject  of  inquiry,  it  appeared 
that  when  ammonia-salts  were  used  alone,  year  after  year,  on  the  same  land,  the 
composition  of  the  ash,  both  of  grain  and  straw,  showed  an  appreciable  decline 
in  the  amount  of  phosphoric  acid,  and  that  of  the  straw  a  considerable  reduction  in 
thepercentage  of  silica. 

When  ammonia-salts  alone  were  used,  the  amount  of  mineral  constituents  in  the 
crop  of  a  given  area  of  land  was  very  much  increased — much  more  so  than  when  a 
liberal  supply  of  mineral  constituents  alone  was  used.  But  in  neither  of  these 
cases  was  there  anything  like  the  amount  of  mineral  constituents  obtained  in  the 
crop,  that  there  was  when  the  ammonia-salts  and  mineral  manures  were  used  to- 
gether, or  when  farm-yard  manure  was  employed.  The  greatest  deficiency  indi- 
cated was  in  the  silica  and  the  phosphoric  acid,  and  next  in  order  came  potass  and 
magnesia.  The  exhaustion  here  apparent  was,  however,  not  to  be  wondered  at, 
when  it  is  considered  that,  in  these  experiments  in  which  both  corn  and  straw  were 
annually  removed  without  the  usual  periodical  return  of  farm-yard  manure,  there 
had  been  on  the  average  annually  taken  from  the  land  by  the  use  of  ammonia-salts 
about  twice  as  much  phosphoric  acid,  about  five  times  as  much  potass,  and  about 
twenty-five  times  as  much  silica,  as  would  be  removed  under  a  system  of  ordinary 
rotation  with  home  manuring,  and  selling  only  corn  and  meat ;  in  fact,  in  sixteen 
years  there  had  been  taken  from  the  land  as  much  phosphoric  acid  as  would  require 
thirty-two  years,  as  much  potass  as  would  require  eignty-two  years,  and  as  much 
silica  as  would  require  400  years  of  such  ordinary  practice  to  remove. 

Again,  the  authors  estimated  that  in  the  experiments  of  the  Rev.  Mr.  Smith  of 
Ixris  Weedon,  on  the  growth  of  wheat  year  after  year  on  the  same  land,  without 
manure,  there  had  been  an  annual  extraction  from  each  acre  of  land  of  about  three 
and  a  half  times  as  much  phosphoric  acid,  about  seven  times  as  much  potass,  and 
about  thirty-seven  times  as  much  silica,  as  there  would  be  in  the  ordinary  course 
of  practice ;  vet,  after  some  fifteen  years,  the  crops  at  Lois  Weedon  were  said  not 
to  be  at  all  failing. 
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The  authors  did  not  recommend  such  exhaustive  practice  as  that  quoted  from 
their  own  or  the  Rev.  Mr.  Smith's  experiments.  But  the  instances  given  showed 
the  capabilities  of  certain  soils ;  and  in  one  case  the  conditions  under  which  the 
point  of  comparative  exhaustion  had  been  reached.  It  was  of  course  impossible  to 
state  the  limits  of  the  capability  of  soils  generally,  so  infinitely  varied  was  their 
composition ;  but  it  would  be  useful  to  give  an  illustration  on  this  point.  Reckon- 
ing the  soil  to  be  one  foot  deep,  it  was  estimated  that  it  would  require,  of  ordinary 
rotation  with  home  manuring  and  selling  only  corn  and  meat,  about  1000  years  to 
exhaust  as  much  phosphoric  acid,  about  2000  years  to  exhaust  as  much  potass,  and 
about  6000  years  to  exhaust  as  much  silica,  as,  according  to  the  average  results  of 
forty-two  analyses*  relating  to  fourteen  soils  of  very  various  descriptions,  had  been 
found  to  be  soluble  in  dilute  hydrochloric  acid.  Many  soils  had,  doubtless,  a  com- 
position inferior  to  that  here  supposed.  In  a  large  proportion,  however,  the  amounts 
of  the  above  constituents  assumed  to  be  soluble  in  dilute  hydrochloric  acid  would 
probably  be  available  for  plants  long  before  the  expiration  of  the  periods  mentioned ; 
whilst,  m  a  large  proportion,  there  would  still  be  further  stores  eventually  available 
within  a  greater  or  a  less  depth  from  the  surface. 

But  the  exhaustion  of  mineral  constituents  by  the  sale  of  corn  and  meat  alone 
was  in  reality  not  so  great,  in  the  ordinary  practice  of  this  country,  as  has  been 
assumed  for  the  purpose  of  the  above  illustrations.  Where  there  was  no  purchase 
of  cattle-food,  or  of  artificial  or  town  manures,  the  sales  of  corn  and  meat  would  on 
the  average  be  much  less  than  were  taken  in  the  authors'  estimates ;  and  where 
such  materials  were  purchased  with  any  degree  of  judgment  in  the  selection,  there 
would  always  be  much  more  phosphoric  acid  (otherwise  the  most  easily  exhausted 
constituent)  so  brought  upon  the  land,  than  would  be  obtained  from  it  in  the  in- 
crease of  produce  yielded ;  in  fact,  under  such  conditions,  in  many  soils  potass  was 
more  likely  to  become  deficient  Again,  by  no  means  the  whole  of  the  mineral 
constituents  sent  from  the  farm  in  the  form  of  corn  and  meat  will  reach  the  sewers 
of  our  towns,  and  thence  our  rivers ;  a  not  inconsiderable  portion  finding  its  way 
back  to  the  land  in  some  form ;  in  addition  to  which,  imported  corn,  meat,  and 
other  materials  will  contribute  something  to  the  restoration  of  our  own  cultivated 
land. 

It  is  at  the  same  time  certain  that  so  much  of  the  refuse  matters  of  our  towns  as 
becomes  diluted  with  water  in  the  degree  recognized  under  the  present  sewerage 
system  will  be  applicable  as  manure,  on  the  large  scale,  only  to  succulent  crops,  and 
especially  to  grass-land ;  and,  so  far  as  this  is  the  case,  they  will  of  course  not 
directly  contribute  to  the  restoration,  to  the  land  under  tillage,  of  the  mineral  con- 
stituents sent  from  it  in  its  produce  of  corn  and  meat  When  other  descriptions  of 
produce  than  corn  and  meat,  such  as  roots,  hay,  or  straw,  are  largely  sold,  compen- 
sation is  generally  made  by  the  return  to  the  land  of  stable-  or  town-manures  of 
some  kind.  If  this  be  not  done,  the  loss  of  mineral  constituents  may  indeed  be 
very  considerable. 

fa  conclusion,  whilst  the  authors  insisted  upon  the  importance  of  applying  to 
agricultural  purposes  as  much  as  possible  of  the  valuable  manuring  matters  of  our 
towns,  they  at  the  same  time  believed  that  modern  practices,  taken  as  a  whole,  did 
not  tend  to  exhaustion  in  anything  like  the  degree  that  had  been  supposed  by 
some. 

•  The  accuracy  of  some  of  these  analyses,  however,  is  admitted  as  open  to  question : 
see  Report  by  Magnus,  Ann.  d.  Landwirthschaft,  xiv.  2. 
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It  is  highly  desirable,  in  a  practical  as  well  as  scientific 
point  of  view,  to  determine,  by  means  of  careful  experiments, 
whether  or  not  the  action  of  particular  manures  on  particular 
crops  is  substantially  similar  in  different  descriptions  of  soil,  and 
in  different  localities.  With  a  view  to  provide  information  on 
this  subject,  a  series  of  experiments  was  commenced  in  1851  by 
Mr.  Keary,  on  the  Home  Farm  of  the  Earl  of  Leicester,  at 
Holkham,  in  Norfolk ;  the  results  of  which  were  published  in 
the  Society's  Journal  in  1855  (vol.  xvi.,  part  1).  The  crop 
selected  was  wheat,  and  the  arrangement  of  the  manures  was  the 
same  as  on  some  of  the  most  important  plots  in  the  experimental 
field  here  at  Rothamsted  ^Herts),  in  which  wheat  has  been  grown 
every  year  since  1844.  Sir  John  M .  Tylden,  who  is  the  president 
of  an  agricultural  club  in  the  neighbourhood  of  Sittingbourne,  in 
Kent,  the  members  of  which  are  accustomed  to  make  visits  of 
inspection  of  experimental  or  good  practical  farming,  some 
years  ago  induced  the  club  to  pay  such  a  visit  to  Rothamsted ; 
after  which  they  very  liberally  undertook  to  conduct,  at  their 
own  expense,  a  series  of  experiments  on  the  growth  of  wheat, 
the  results  of  which  would  compare  with  those  already  obtained 
at  Holkham,  and  with  those  of  the  experiments  still  in  progress 
here  at  Rothamsted. 

Accordingly,  a  field  of  acres,  at  Rodmersham,  about  3J 
miles  from  Sittingbourne,  was  set  apart  for  the  purpose,  and 
divided  into  seven  plots,  of  half  an  acre  each,  and  the  superinten- 
dence of  the  experiments  was  confided  to  Mr.  George  Eley,  of 
Tong,  who  is  the  Secretary  of  the  club. 

The  soil  of  the  experimental  field  is  described  by  Mr.  Eley  as 
"  a  mixed  clay,  upon  a  chalk  subsoil,  lying  from  4  to  6  feet  below 
the  surface."  The  previous  course  of  crops  and  management  had 
been  as  follows: — In  1853,  turnips,  dressed  %\xvoa 
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and  3  cwts.  superphosphate  of  lime  per  acre,  and  the  whole  of 
the  crop  fed  on  the  land ;  in  1854,  barley ;  and  a  good  dressing 
of  London  dung  for  beans  in  1855  ;  this  being  the  usual  pre- 
paration for  wheat  in  that  locality.  The  land  was,  therefore,  to 
use  Mr.  Eley's  words,  "  in  a  well-cultivated  and  fertile  state." 
It  was,  in  fact,  as  the  results  will  show,  in  higher  condition  than 
was  desirable  when  the  object  was  to  determine  the  character  of 
the  exhaustion,  and  therefore  the  character  of  the  manures 
required  for  the  crop,  in  that  particular  soil,  under  the  ordinary 
system  of  cropping  and  management  adopted.  The  action  of 
the  different  manures  was,  however,  sufficiently  characteristic 
after  the  first  crop  of  wheat  had  been  taken. 

The  manures  were  always  mixed  at  Rothamsted,  from  the  same 
stocks  as  those  employed  for  the  Rothamsted  experiments.  The 
arrangement  of  the  experiments,  and  the  description  and  quan- 
tities of  manure  applied  per  acre,  were  as  follows : — 
Plot  1.  Unmanured. 

Plot  2.  Mixed  mineral  manure,  composed  of — 
300  lbs.  sulphate  of  potass. 
200  lbs.  sulphate  of  soda. 
100  lbs.  sulphate  of  magnesia. 
200  lbs.  bone-ash  j  a        ,      i   .     c ,. 

150  lbs.  sulphuric  acid*  }  Superphosphate  of  l.me. 

Plot  3.  Ammonia-salts,  comprising — 
200  lbs.  sulphate  of  ammonia. 
200  lbs.  muriate  of  ammonia. 
Plot  4.  "  Ammonia-salts  "  (as  plot  3),  and  "  mixed  mineral 

manure  "  (as  plot  2). 
Plot  5.  540  lbs.  Peruvian  guano. 
Plot  6.  2000  lbs.  rape  cake. 
Plot  7.  14  tons  farmyard  manure. 
The  above  quantities  were  applied  annually  for  the  first  three 
years  of  the  experiments  ;  the  arrangement  was  also  the  same  for 
the  fourth  year,  with  the  exception  that  in  experiments  2  and  4 
the  quantities  of  sulphate  of  potass  were  reduced  from  300  lbs.  to 
200  lbs.,  and  of  sulphate  of  soda  from  200  lbs.  to  100  lbs.  per 
acre.    In  the  fifth  and  sixth  seasons  the  crop  was  grown  without 
any  fresh  application  of  manure. 

By  means  of  experiment  1,  we  ascertain  the  state  of  produc- 
tiveness of  the  land  without  any  manure,  and  so  provide  a  stan- 
dard by  which  to  compare  the  effects  of  the  different  manures. 
By  means  of  experiments  2,  3,  4,  6,  and  7,  it  is  ascertained 
whether  a  specially  mineral,  nitrogenous,  or  carbonaceous  manure, 
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or  some  combination  of  them,  is  the  most  effective ;  and  by 
means  of  the  guano  (experiment  5),  which  is  the  cheapest  so- 
called  artificial  manure  containing  a  large  proportion  both  of 
nitrogen  and  phosphates,  we  are  enabled  to  judge  whether 
increase  of  crop  can  be  obtained  profitably  by  the  use  of  such  a 
combination. 

The  results  obtained  in  each  of  the  four  years  in  which  the 
manures  were  applied,  in  the  two  succeeding  years  without  manure, 
and  over  the  total  'period  of  six  years,  are  given  in  a  series  of 
tables  as  follow  (pp.  6-10)  : — 

Table  I.  The  dressed  corn  per  acre,  in  bushels  and  pecks,  and 
the  total  corn  per  acre,  in  lbs. 

Table  II.  The  straw  (chaff,  &c.)  per  acre,  in  lbs.,  and  the  total 
produce  (corn  and  straw)  per  acre,  in  lbs. 

Table  III.  The  increase  per  acre,  by  manure,  of  dressed  corn 
(bushels  and  pecks^,  and  of  total  corn  (lbs.). 

Table  IV.  The  increase,  per  acre,  of  straw  (chaff,  &c),  in  lbs., 
and  the  increase  of  total  produce  (corn  and  straw),  in  lbs. 

Table  V.  The  weight,  per  bushel,  of  dressed  corn,  and  the 
proportion  of  corn  to  100  of  straw  in  the  produce,  and  in  the 
increase  by  manure. 

In  the  first  year  of  the  experiments  the  unmanured  plot  gave 
about  32 i  bushels  of  dressed  corn,  and  nearly  43  cwts.  of  straw 
per  acre  ;  the  farmyard-manure  gave  only  about  30  §  bushels  of 
dressed  corn,  but  rather  more  than  56  cwts.  of  straw ;  and  the 
greatest  increase  obtained  by  any  of  the  manures  was  between 
4  and  5  bushels  of  dressed  corn,  and  between  15  and  16  cwts.  of 
straw.  It  is  obvious  that,  even  unmanured,  the  condition  of  the 
land  was  almost  as  high  as  was  compatible  with  the  healthy 
growth  and  proper  ripening  of  the  crop — that  it  was,  in  fact, 
scarcely  in  a  state  to  require  manure  at  all,  and  therefore  not  in  a 
condition  to  show  very  prominently  the  characteristic  action  of 
the  different  manures  employed.  The  best  preparation  would 
have  been  to  grow  a  crop  of  wheat  over  the  whole  field  without 
manure,  before  commencing  with  the  special  manures.  It  is 
unfortunate,  too,  that  the  manures  were  only  applied  during  four 
consecutive  years ;  that  during  the  two  succeeding  years,  without 
manure,  the  seasons  were  very  unfavourable,  and  the  land  had 
become  somewhat  foul ;  and  that  the  experiments  were  entirely 
stopped  before  the  influence  of  the  manures  had  ceased,  and  their 
whole  effect  been  ascertained. 

Notwithstanding  the  unfavourable  circumstances  above  men- 
tioned, the  results  of  the  experiments  at  Rodmersham  are  very 
valuable ;  and,  taking  into  consideration  the  very  different  con- 
dition of  the  land,  they  are  entirely  confirmatory  of  the  con- 
clusions that  have  been  arrived  at  from  e^^\\m^\s» 
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at  Rothamsted,  and  elsewhere,  regarding  the  character  of  the 
manures  required  for  the  increased  growth  of  wheat  on  land 
under  the  ordinary  conditions  of  cropping  and  cultivation  in 
our  rotations.  They  are,  moreover,  perfectly  consistent  with  the 
experience  of  common  practice  on  the  point 

It  is  worthy  of  remark  that  after  the  land  had  been  well 
dunged,  and  grown  a  crop  of  beans,  the  greatest  increase, 
especially  of  corn,  obtained  in  the  first  year  was  where  the 
manure  was  the  most  nitrogenous.  Thus,  the  ammonia-salts 
alone,  the  guano,  and  the  rape-cake,  each  gave  4  to  5  bushels' 
increase  of  dressed  corn ;  whilst  the  mineral  manure,  and  the 
mineral  manure  and  ammonia-salts  together,  gave  only  about 
1  bushel.  The  ammonia-salts  alone  also  gave  rather  more  in- 
crease of  straw  than  any  of  the  other  manures — more  even  than 
the  mixed  mineral  manure  and  ammonia-salts  together.  The 
produce  of  the  unmanured  plot  in  the  second  and  succeeding 
years  showed,  however,  that  the  condition  of  the  land  had  then 
become  reduced ;  and  it  is,  therefore,  from  the  average  results  of 
each  of  the  different  manures  taken  over  a  series  of  years,  that 
we  shall  be  able  best  to  judge  of  the  character  of  the  exhaustion 
induced  by  the  growth  of  the  wheat  crop  in  that  particular  soil. 

It  is  proposed  to  make  a  few  comments :  first,  on  the  produce 
during  the  four  years  of  the  application  of  the  manures ;  secondly, 
on  that  of  the  two  years  after  the  cessation  of  the  manuring, 
showing  the  influence  of  the  residue  of  the  manures  previously 
applied ;  and  then  on  the  total  amount  of  increase  obtained  in 
the  six  years  by  the  different  manures. 

Plot  1.  Unmanured. — As  already  observed,  the  produce  with- 
out manure  was,  in  the  first  year,  about  32^  bushels  of  dressed 
corn  and  nearly  43  cwts.  of  straw.  In  the  five  succeeding  years 
it  was,  respectively,  25J,  24f ,  19f ,  7J,  and  15J  bushels  of  dressed 
corn,  and  about  22£,  24,  30J,  14£,  and  16J  cwts.  of  straw.  But, 
a  part  only  of  this  great  reduction  in  the  produce  was  due  to  the 
reduction  of  the  condition  of  the  land  as  affected  by  previous 
manuring  ;  for,  as  already  said,  in  the  last  two  years  of  the  experi- 
ments the  seasons  were  unfavourable  and  the  land  had  become 
somewhat  foul.  Excluding  the  first  year,  the  average  produce 
of  the  next  three  years  was  23J  bushels  of  dressed  corn,  and 
25^  cwts.  of  straw ;  and  the  average  of  the  five  years,  without 
manure,  that  is,  excluding  the  first  year  and  including  the  last 
two  unfavourable  seasons,  was  18-J-  bushels  of  dressed  corn  and 
21£  cwts.  of  straw.  Here  at  Rothamsted  (Herts)  where  wheat 
had  been  grown  without  manure  for  a  dozen  previous  conse- 
cutive years,  the  average  produce  of  the  same  five  seasons  was 
16  bushels  of  dressed  corn  and  14J  cwts.  of  straw,  or  2^  bus!h&\& 
of  dressed  corn  and  7  cwts.  of  straw  less         *X  ^o&s&st3«a»s»> 
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(Kent).  But  as  a  standard  by  which  to  compare  the  effects  of 
the  different  manures  during  the  four  years  of  their  application 
in  the  Kent  experiments,  it  will  be  necessary  to  take  the  average 
of  the  first  four  years  without  manure,  which  was  25£  bushels  of 
dressed  corn  and  about  30  cwts.  of  straw ;  against  which  there 
were  at  Rothamsted  (Herts),  over  the  same  seasons,  only  17} 
bushels  of  dressed  corn  and  about  15 J  cwts.  of  straw,  or  not 
much  more  than  two-thirds  as  much  corn  and  half  as  much 
straw  as  at  Rod mer sham. 

Plot  2.  Mixed  Mineral  Manure. — This  manure  supplied 
potass,  soda,  lime,  magnesia,  phosphoric  acid,  and  sulphuric 
acid  ;  in  fact,  an  abundance  of  nearly  all  the  mineral  constituents 
required  by  the  crop,  excepting  silica.  The  average  annual 
increase  it  yielded,  over  the  four  years  of  its  application,  was 
about  3  bushels  of  dressed  corn  and  5 J  cwts.  of  straw.  This  was 
almost  precisely  the  same  amount  of  increase  of  corn  as  was 
yielded  by  the  same  manures  over  the  same  seasons  here  at 
Rothamsted,  but  nearly  4  cwts.  more  straw. 

Plot  3.  Ammonia-Salts  alone. — The  quantity  employed  con- 
tained much  more  nitrogen  than  could  be  taken  up  by  the  increase 
of  produce,  and  quite  as  much  as  can  be  employed  for  the  average 
of  soils  and  seasons  without  getting  an  over-luxuriant  and  laid 
crop.  The  average  annual  increase  yielded  over  the  four  years 
of  the  application  was  about  6  bushels  of  dressed  corn  and  nearly 
13  cwts.  of  straw.  This,  again,  was  almost  exactly  the  same 
increase  of  corn,  but  nearly  twice  as  much  increase  of  straw,  as 
was  obtained  by  the  same  manure,  in  the  same  seasons  at  Rotham- 
sted, after  their  application  there  for  a  dozen  years  consecutively. 

Both  at  Rodmersham  and  at  Rothamsted,  then,  ammonia-salts 
alone  increased  the  wheat-crop,  for  a  series  of  successive  years, 
considerably  more  than  did  mineral  manure  alone. 

Plot  4.  Mixed  Mineral  Manure  and  Ammonia-Salts. — This 
manure  supplied  the  same  mineral  constituents  as  in  experiment  2, 
and  the  same  amount  of  ammonia,  or  nitrogen,  as4n  experiment 
3 ;  but  it  contained  no  carbon,  of  which  about  40  per  cent  of  the 
dry  substance  of  the  crop  consists.  The  average  annual  increase 
it  yielded  over  the  four  years  was  about  8  bushels  of  dressed  corn 
and  21  cwts.  of  straw  ;  or  about  5  bushels  more  corn  and  15£  cwts. 
more  straw  than  by  the  mineral  manure  alone,  and  about  2  bushels 
more  corn  and  8  cwts.  more  straw  than  by  the  ammonia-salts 
alone. 

It  has  been  seen  that  both  mineral  manures  alone,  and  ammo* 
nia-salts  alone,  yielded  almost  identically  the  same  amounts  of 
increase  of  corn  over  the  first  four  years  of  the  experiments  at  Rod- 
mersham (Kent)  as  they  did  over  the  same  years  at  Rothamsted 
(Herts),  where  wheat  \va&\>eeiv  W  *  dozen  previous  eon- 
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secutive  years.  The  increase  of  straw  by  each  of  these  manures, 
used  separately,  was,  however,  greater  in  the  Kent  experiments 
than  at  Rothamsted.  The  effect  was  altogether  different  when 
the  mineral  and  nitrogenous  manures  were  used  together ; — the 
combination  yielding  an  average  annual  increase  of  about  21 
bushels  of  corn  and  22£  cwts.  of  straw  at  Rothamsted,  against 
only  8  bushels  of  corn  and  21  cwts.  of  straw  at  Rodmersham. 
Not  only  was  the  annual  increase  of  both  corn  and  straw  the 
greater  at  Rothamsted,  but  the  actual  produce  per  acre,  per 
annum,  of  dressed  corn,  was  greater  by  about  5  J  bushels ;  though 
that  of  the  straw  was  about  13  cwts.  less. 

In  both  localities,  then,  the  mixed  mineral  and  ammoniacal 
manure  greatly  increased  the  crop,  and  the  increase  was  greater 
when  the  two  were  used  together  than  when  each  was  used 
separately.  But  at  Rodmersham,  where  the  land  was  in  compara- 
tively high  condition,  the  heavy  manuring  tended  to  over- 
luxuriance,  and  excessive  proportion  of  straw  ;  whereas,  at 
Rothamsted,  with  an  average  of  about  half  a  ton  less  total  pro- 
duce per  acre  per  annum,  there  was  a  considerably  greater  actual 
amount  of  corn,  and  of  course  a  greater  proportion  of  corn  to 
straw,  and  also  a  greater  increase  of  both  corn  and  straw. 

Plot  5.  Guano. — The  guano  employed  supplied  a  large 
quantity  of  phosphate  of  lime,  small  quantities  of  alkaline  salts, 
and  rather  more  than  four-fifths  as  much  ammonia  or  nitrogen 
as  the  quantity  of  ammonia-salts  of  experiments  3  and  4.  It 
yielded  an  average  annual  increase  of  about  1£  bushel  of  dressed 
corn,  and  4f  cwts.  of  straw  more  than  the  ammonia-salts  alone ; 
and  only  about  \  bushel  of  dressed  corn  and  3J-  cwts.  of  straw 
less  than  the  mixed  mineral  manure  and  ammonia-salts  together. 
It  will  presently  be  seen  that  the  guano  gave  far  more  increase, 
in  proportion  to  its  cost,  than  any  of  the  other  manures. 

Rot  6.  Rape-cake. — The  amount  of  rape-cake  employed  would 
contain  rather  more  nitrogen  than  the  ammonia-salts  of  experi- 
ments 3  and-  4,  but  in  a  condition  in  which  it  would  be  more 
slowly  rendered  available  for  the  plant ;  it  would  contain  a  con- 
siderable quantity  of  mineral  constituents ;  also  a  large  amount  of 
carbonaceous  matter,  yielding  carbonic  acid  in  the  soil.  It  gave 
only  the  same  average  annual  increase  of  corn  (about  8  bushels), 
and  6f  cwts.  less  straw  than  the  mixed  mineral  manure  and 
ammonia-salts  (plot  4),  which  contained  a  less  total  amount  of 
nitrogen,  and  no  carbonaceous  matter  whatever.  This  is  per- 
fectly consistent  with  results  obtained  at  Rothamsted,  which  show 
the  non-utility  of  supplying  carbonaceous  manure  for  wheat  and 
other  grain-crops. 

Plot  7.  Farmyard  Manure. — The  quantity  employed  would 
contain  more  of  every  constituent,  mineral  auA.  ot^Kovc^ 
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crop  to  be  grown ;  and  it  would  supply  a  large  amount  of  avail- 
able silica,  and  a  large  amount  of  carbonaceous  matter  beyond 
that  of  any  of  the  other  manures.  Notwithstanding  this,  it  gave, 
over  the  four  years  of  its  application,  an  average  annual  produce 
of  about  3  bushels  less  dressed  corn  and  about  11£  cwts.  less 
straw  than  the  mixed  mineral  manure  and  ammonia-salts  ;  and 
about  2£  bushels  less  corn  and  about  8J  cwts.  less  straw 
than  the  guano— neither  of  which  would  supply  either  silica  or 
carbonaceous  matter.  This  result  is  also  perfectly  consistent 
with  that  obtained  at  Rothamsted  and  elsewhere.  It  is  not  to  be 
concluded  from  this,  however,  that  the  farmer  may  with  impunity 
grow  large  white-straw  crops  by  means  of  artificial  manures 
without  a  due  supply  of  farmyard  manure  to  the  land  at  some 
period  of  the  rotation. 

Thus,  the  results  obtained  during  the  four  years  that  the 
manures  were  applied,  showed  that  mineral  manures  increased  the 
wheat-crop  but  little,  ammonia-salts  much  more,  mineral  manures 
and  ammonia-salts  used  together  more  than  either,  or  both, 
used  separately;  that  Peruvian  guano,  containing  both  mineral 
and  nitrogenous  constituents,  gave  a  considerable  amount  of 
increase;  but  that  carbonaceous  manures  had  no  perceptible 
effect  They  further  showed  that  the  condition  of  the  land  was 
higher  than  was  desirable  for  the  purposes  of  the  experiments, 
the  result  of  which  was,  not  only  that  the  seasons  set  a  limit  to 
the  amount  of  crop,  and  therefore  to  that  of  the  increase  produced, 
below  that  which  the  manures  might  otherwise  have  yielded,  but 
that  the  increase  consisted  of  a  very  undue  proportion  of  straw. 

The  first  season  after  the  cessation  of  the  manuring  (1859-60) 
was  a  very  unfavourable  one,  and  the  produce  on  the  permanently 
unmanured  plot  was  only  1\  bushels  of  dressed  corn,  and  about 
14£  cwts.  of  straw.  The  next  season  (1860-61)  was  not  very 
much  better,  and  yielded,  on  the  same  plot,  only  15£  bushels  of 
dressed  corn,  and  about  16  \  cwts.  of  straw.  But  the  whole  of 
this  decline  of  crop  is  not  to  be  attributed  either  to  gradual 
reduction  of  the  condition  of  the  land,  or  to  the  badness  of  the 
seasons;  for,  as  already  noticed,  the  land,  which  had  for  the 
first  few  years  been  very  clean,  had,  by  this  time,  become  some- 
what foul  by  the  continuous  cropping. 

Although  the  produce  of  the  continuously  unmanured  plot, 
which  supplied  the  standard  by  which  to  compare  that  of  the 
others,  was  so  much  less  during  these  two  concluding  years  of  the 
experiments,  the  average  increase  of  dressed  corn  on  the  other 
plots,  due  to  the  residue  of  the  manures  previously  applied,  was, 
in  every  case  excepting  that  of  the  rape-cake,  even  somewhat 
greater  than  during  the  tearon*  o(  \.\\e  wgulication.    The  increase 
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of  straw  was,  however,  in  every  case  excepting  that  of  the  farm- 
yard manure,  less  than  formerly,  and  generally  very  much  less. 

Thus,  the  amounts  of  increase  obtained  for  two  years  after  the 
application  of  the  manures  had  been  stopped,  further  show  that 
the  condition  of  the  land  was  too  high  for  the  full  action  of  the 
manures  in  the  years  of  their  application.  They  also  show  that 
their  influence  was  not  even  then  exhausted  ;  and  further  oridence 
of  this  is  to  be  found  in  the  fact,  that  calculation  leads  to  the 
conclusion  that,  in  these  Rodmersham  experiments,  there  was  a 
less  proportion  of  the  nitrogen  supplied  in  the  manures  in  the 
four  years,  recovered  in  the  increase  of  the  six  years,  and  in 
some  cases  much  less,  than  is  sometimes  recovered  in  the  crop 
immediately  succeeding  the  application  of  a  nitrogenous  manure. 
Under  favourable  circumstances,  from  40  to  50  per  cent  of  the 
nitrogen  supplied  in  an  artificial,  manure  for  wheat  may  be 
recovered  in  die  increase  of  a  first  crop.  But  it  is  estimated  that, 
in  the  cases  of  the  rape-cake  and  of  the  ammonia-salts  alone, 
there  was  only  about  one-fourth,  and  in  those  of  the  mineral 
manure  and  ammonia-salts,  and  of  the  guano,  under  40  per  cent, 
of  the  nitrogen  supplied  in  the  manure  of  the  four  years  recovered 
in  the  increase  of  die  six  years. 

It  will  still  be  useful  to  give  an  estimate  of  the  value  of  the 
increase  so  far  obtained,  by  the  side  of  the  cost  of  the  manures 
applied  in  one  or  two  of  the  experiments. 

The  mixed  mineral  manures  of  plot  2  were  far  too  expensive 
in  proportion  to  the  amount  of  increase  they  yielded,  for  it  to  be 
at  all  worth  while  to  reckon  the  cost  against  the  increase  in  their 
case.  Looking  to  the  objects  in  view,  it  was  still  quite  essential 
to  have  the  evidence  of  direct  experiment  as  to  their  effect. 

Ammonia-salts  are,  generally,  neither  so  cheap  a  source  of 
nitrogen,  nor  are  they,  when  used  alone,  so  good  a  manure  for 
corn-crops  as  Peruvian  guano,  which  contains  a  large  proportion 
of  phosphates  as  well  as  nitrogen.  Rape-cake,  though  a  recog- 
nised manure  in  the  market  for  wheat,  acts  somewhat  more 
slowly  for  the  amount  of  nitrogen  it  contains  than  guano.  It 
will  be  well,  for  the  sake  of  comparison,  to  show  the  cost  of  the 
manure,  and  the  value  of  the  increase  of  the  three  manures— 
rape-cake,  ammonia-salts,  and  Peruvian  guano.  This  is  done  in 
the  following  table  (p.  16). 

Reckoning  the  value  of  the  increase  against  the  cost  of  the 
manures,  there  is  a  considerable  margin  in  favour  both  of  the 
ammonia-salts  and  the  guano,  but  particularly  of  the  guano.  The 
evidence  further  goes  to  show  that  these  active  nitrogenous 
manures  are  by  no  means  fully  exhausted  in  the  first  year  of 
their  application.  The  quantity  of  guano  used — nearly  5  cwts. 
to  the  acre — was,  however,  much  more  than  \*  uswaXV^ 
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indeed,  much  more  than  it  is  desirable  to  apply  in  ordinary 
practice.  Nor  should  it  be  inferred  from  the  plan  and  results  of 
these  experiments,  that  the  practice  of  growing  a  series  of  corn- 
crops'  by  means  of  artificial  manures  is  to  be  recommended.  But 
when  these  results  are  considered  by  the  side  of  those  obtained  at 
Rothamsted,  Holkham,  and  elsewhere,  and  with  the  light  of  the 
common  experience  of  almost  every  arable  district  of  the  country, 
the  practical  conclusion  undoubtedly  is,  that  highly  nitrogenous 
manures  much  increase  the  produce  of  grain-crops  under  lie  cir- 
cumstances in  which  these  are  generally  grown  in  our  rotations. 

Peruvian  guano,  which  contains  a  large  quantity  of  phosphates, 
as  well  as  nitrogen-yielding  matter,  is  one  of  the  "best  artificial 
manures  for  wheat;  and  2  to  3  cwts.  per  acre,  sown  broadcast 
before  the  seed,  and  harrowed  into  the  land,  will  generally  be 
sufficient.  When  ammonia-salts  are  used,  about  2  cwts.  per  acre 
may  be  employed,  and  1  to  2  cwts.  of  superphosphate  of  lime 
should  at  the  same  time  be  applied.  The  above  quantities  are 
such  as  should  generally  be  employed  when  the  grain-crop  is 
grown  in  the  ordinary  course  of  rotation,  and  the  land  is  con- 
sidered to  be  not  highly  enough  manured  to  carry  as  heavy  a 
crop  as  the  average  of  seasons  will  well  ripen. 

But  another  great  advantage  to  the  farmer  of  the  nitrogenous 
and  phosphatic  manures  now  in  such  general  use  is  that,  provided 
the  land  be  well  dunged  once  in  the  course  of  the  rotation,  he 
may,  without  injury  to  it,  by  their  means  frequently  take  an 
extra  grain-crop  in  the  course ; — for  example,  barley  or  oats 
after  wheat,  as  the  description  and  condition  of  the  soil  and  the 
locality  may  indicate.  In  such  cases,  1 J  time  or  twice  as  much 
of  the  artificial  manure  should  be  used  as  when  the  crop  is  grown 
in  the  ordinary  rotation. 
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EFFECTS   OF   DIFFERENT  MANURES 
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MIXED  HERBAGE  OF  GRASS-LAND. 


In  Vol.  XIX.,  Part  II.,  and  Vol.  XX.,  Parts  I.  and  II.  of  the 
Journal  of  the  Royal  Agricultural  Society,  we  gave  a  Report  on 
Experiments  with  different  manures  on  permanent  meadow  land,  in 
which  we  treated  of  the  subject  under  the  following  heads  : — 

Part    I.  The  produce  of  hay,  per  acre. 
Part  II.  The  produce  of  constituents,  per  acre. 
Part  III.  The  description  of  plants  developed  by  different 
manures. 

Part  IV.  The  chemical  composition  of  the  hay. 

Perhaps  the  most  striking  points  brought  out  in  the  inquiry, 
were  those  which  illustrated  the  very  great  difference  in  the 
description  and  character  of  the  plants  developed  by  the  different 
manures.  The  general  results  arrived  at  under  this  head,  may 
be  very  briefly  re-stated  here. 

The  unmanured  crops,  and  the  light  ones  grown  by  manure, 
were  by  far  the  most  complex  in  character ;  consisting  of  a  com- 
paratively large  number  of  species  of  plants,  or  descriptions  of 
herbage,  and  showing  less  predominance  of  a  few  species  than 
did  the  more  bulky  produce  obtained  by  means  of  more  active 
manures.  The  smaller  crops  consisted  not  only  of  a  greater 
variety  of  Graminaceous  herbage,  or  grasses  properly  so  called, 
but  also  contained  a  greater  variety,  and  greater  proportion,  of 
miscellaneous  or  weedy  herbage. 

As  a  rule,  whatever  the  description  of  manure. employed,  any 
considerable  increase  of  crop  was  accompanied  by  greater  sim- 
plicity of  herbage,  greater  predominance  of  grasses  proper,  and 
also,  generally,  a  greater  predominance  of  individual  species, 
as  well  among  the  Graminaceous  or  grassy,  the  Leguminous,  and 
the  miscellaneous  herbage. 

But  different  descriptions  of  manure  had  very  different  effects. 

Mineral  manures  alone  (salts  of  potass,  soda,  magnesia,  and 
'superphosphate  of  lime)  only  moderately  increased  the  vt&orcaX 
of  crop ;  rather  diminished  the  proportion  ot  \bfc 
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considerably  that  of  the  weedy  herbage;  greatly  increased  the 
amount  per  acre,  and  the  proportion  in  the  produce,  of  the 
Leguminous  herbage,  especially  the  perennial  red  clover  and  the 
meadow  vetchling  ;  and  also  enhanced  the  ripening  tendency, 
rather  than  luxuriance  of  foliage. 

Ammonia-salts  alqpe,  considerably  increased  the  amount  per 
acre,  and  the  proportion  in  the  crop,  of  the  grasses,  but  tended 
very  remarkably  to  the  development  of  leaf  rather  than  of  stem 
and  seed ;  and  they  also  diminished  the  proportion  of  both  the 
Leguminous  and  the  weedy  herbage,  the  former  being  almost 
excluded. 

Mixtures  of  both  the  mineral  manure  and  ammonia-salts,  gave 
by  far  the  greatest  increase  of  crop.  The  produce  so  obtained 
was  in  a  much  larger  proportion  Graminaceous,  or  grassy,  than 
that  yielded  under  any  other  conditions  J  clover  and  other  Legu- 
minous plants  were  almost  entirely  excluded  ;  and  the  number  of 
species  and  amount  of  weedy  herbage  were  but  small,  though 
some  few  plants  grew  luxuriantly.  Lastly,  comparatively  few 
species  of  grasses  contributed  to  the  great  bulk  of  this  very 
luxuriant  and  highly  Graminaceous  produce,  and  the  develop- 
ment of  stem  and  seed  was  very  remarkable. 

Farm-yard  manure  alone,  with  the  increase  of  total  produce, 
also  increased  the  amount  and  proportion  of  the  Graminaceous 
herbage  ;  and  diminished  the  variety,  and  the  proportion,  of  the 
Leguminous  and  the  miscellaneous  herbage. 

Farm-yard  manure  and  ammonia-salts  gave  considerably  more 
increase  of  crop  than  farm-yard  manure  alone ;  and  the  produce 
contained  a  large  proportion  of  Graminaceous  and  miscellaneous, 
but  very  little  Leguminous  herbage. 

This  great  variety  in  the  herbage,  both  as  to  the  description  of 
the  plants  developed,  and  the  character  of  their  growth,  according 
to  the  manures  employed,  and  to  the  consequent  amount  of  crop 
obtained,  is  obviously  a  point  of  great  practical  interest  and  • 
importance  in  its  bearing  upon  the  question  of  the  proper 
manures  to  be  employed  to  incsease  the  produce  of  grass-land. 

The  results  briefly  enumerated  above  are  also  of  great  interest 
in  another  point  of  view. 

Thus,  exclusively  mineral  manures,  when  applied  to  Gramina- 
ceous plants  grown  separately  (as  wheat,  barley,  or  oats,  under 
ordinary  circumstances),  produce  very  similar  effects  to  those 
upon  the  allied  plants  of  the  mixed  herbage;  that  is  to  say, 
they  increase  the  crop  comparatively  little,  but  prominently 
develop  the  seeding  tendency ;  and  again,  when  these  manures 
are  applied  to  Leguminous  crops  grown  separately,  as  in  the  case 
of  the  allied  plants  ol  \ke  mixed  herbage,  they  considerably 
increase  the  luxuriance  of  ^row'tau 
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Ammonia-salts,  on  the  other  hand,  which  produce  such 
characteristic  effects  upon  the  growth  of  the  Graminaceous  plants 
of  the  mixed  herbage,  have  also  a  marked  influence  upon  that  of 
the  Graminaceous  plants  grown  separately  in  rotation,  and  but 
little  on  that  of  the  Leguminous  ones  so  grown. 

For  various  reasons,  therefore,  both  practical  and  scientific,  it 
seemed  very  desirable  that. the  subject  should  be  further  investi- 
gated, both  here  and  elsewhere.  The  experiments  at  Rothamsted 
have,  accordingly,  been  continued  up  to  the  present  time,  and 
they  are  still  in  progress. 

Our  first  report,  to  which  we  have  been  referring,  gave  the 
results  of  the  first  three  seasons  (1856,  1857,  and  1858),  relating 
to  three  divisions  of  the  subject,  namely — the  produce  of  hay 
per  acre,  the  produce  of  constituents  per  acre,  and  the  chemical 
composition  of  the  hay — and  on  these  points  we  have  now  on 
hand  the  accumulated  results  of  four  more  seasons.  The  results 
formerly  given  on  the  remaining  branch  of  the  subject — the 
'description  of  plants  developed  by  the  different  manures — related  to 
the  produce  of  the  third  season  only,  1858  ;  and  the  further  details 
obtained  on  this  head  have  reference  to  the  produce  of  the 
seventh  season,  1862.  It  is  to  these  that  it  is  proposed  to  confine 
attention  on  the  present  occasion,  presenting  only  such  an  outline 
of  the  voluminous  records  as  will  bring  to  view  the  points  of 
most  interest  to  the  readers  of  an  Agricultural  Journal. 

Method  of  Experimenting. 

Taking  advantage  of  the  experience  gained  in  some  attempts 
to  separate  and  determine  the  proportion  of  the  different  plants, 
in  carefully  averaged  and  weighed  samples  of  the  produce  in  the 
previous  year  (1857),  the  produce  of  1858  had  been  separated 
into — (1)  Graminaceous  herbage,  stems  bearing  flower  or  seed  ; 
(2)  Graminaceous  herbage,  detached  leaves  and  indeterminate 
stems ;  (3)  Leguminous  herbage  ;  (4)  Miscellaneous  herbage, 
chiefly  weeds.  The  componentsjclassified  under  these  heads  gave 
from  14  to  23  different  descriptions  of  herbage  ;  and,  no  doubt,  the 
results,  so  far  as  they  went,  clearly  and  truthfully  indicated  the 
characteristic  and  comparative  distribution  of  plants  on  the  dif- 
ferent plots.  But  as  there  remained,  in  the  separations  in  question, 
an  amount  equal  in  several  cases  to  a  fourth,  and  in  one  to  more 
than  a  half  of  the  whole  produce,  to  be  set  down  as  Grami- 
naceous herbage  in  M  detached  leaves  and  indeterminate  stems/'  to 
the  components  of  which  the  specific  names  could  not  with  any 
confidence  be  given,  it  seemed  desirable,  in  again  taking  up  the 
subject,  to  follow  it  out  in  considerably  more  of  detail.  Accord- 
ingly, in  the  separations  recently  made,  ot       ^wA^ro  A 
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it  was  sought  to  determine  the  species  to  which  the  detached 
leaves  and  imperfect  stems  belonged,  and  so  to  include  in  the 
amount  given  for  each  grass,  as  far  as  possible  its  total  yield, 
whether  in  culm  bearing  flower  and  seed,  or  in  a  less  definite 
condition.  The  classification  of  the  Graminaceous  herbage  will, 
therefore,  on  the  present  occasion,  be  somewhat  different ;  and 
hence  the  present  and  the  former  results  will  not  be  strictly 
comparable. 

It  will  be  obvious  that  to  conduct  the  work  on  the  plan  just 
indicated,  not  only  involved  an  immense  amount  of  labour,  but 
required  very  considerable  technical  knowledge  and  experience 
in  those  superintending  the  separations.  Accordingly,  we  applied 
to  several  botanical  friends  for  a  competent  botanical  assistant ; 
and  we  have  now  to  express  our  best  thanks  to  Dr.  J.  D.  Hooker, 
of  Kew,  for  recommending  to  us  Mr.  W.  Sutherland,  a  young 
man  who,  as  foreman  of  the  "  Hardy  Herbaceous  ground  "  in 
the  Kew  Gardens,  had  had,  to  use  Dr.  Hooker's  words,  "  the 
charge  of  a  most  extensive  named  collection  of  herbaceous  plants 
(some  4-5000),  including  a  good  collection  of  grasses."  We 
have  also  much  satisfaction  in  bearing  testimony  to  the  com- 
petency of  Mr.  Sutherland  for  the  work  he  undertook,  and  to  the 
conscientious  and  assiduous  manner  in  which  he  has  performed 
his  tedious  and  difficult  task. 

The  mode  of  taking  the  samples  for  the  botanical  separations 
was  as  follows :  eight  or  ten  mowers  were  put  upon  the  half-acre 
experimental  plot,  and  small  quantities  of  grass  were  taken 
immediately  after  the  scythe  from  each  swathe,  until  nearly  the 
whole  of  the  plot  was  down.  The  quantities  so  taken,  amounting 
to  very  many  times  more  than  the  required  sample,  were  then 
carefully  mixed  on  a  cloth,  so  as  to  shake  out  as  little  seed  as 
possible,  and  from  the  bulk  a  sample  of  10  lbs.  was  immediately 
weighed,  before  any  material  change  in  the  condition  of  the 
grass  could  take  place  by  evaporation. 

The  samples  taken  as  above  described  were  spread  out  to  dry 
at  the  ordinary  temperature,  and  afterwards  carefully  preserved 
for  future  operation. 

In  all,  twenty  samples  have  been  submitted  to  botanical 
analysis ;  occupying  Mr.  Sutherland  for  about  four  months,  and 
another  assistant,  and  from  three  to  half  a  dozen  boys,  for  a 
period  of  nearly  six  months. 

The  plan  adopted  in  the  first  instance  was  to  work  down  each 
sample  to  the  point  of  something  like  equal  difficulty  of  further 
separation.  The  remaining  undetermined  residue  was  then  put 
into  a  sieve,  and  the  larger  stemmy  and  leafy  portions  were  thus 
separated  from  the  shedded  flowers  and  seeds,  and  finely  broken 
leafy  matter.    The  mm  <A  iBaa  tatet  w&         separated,  by 
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means  of  other  sieves  of  varying  fineness,  into  four  or  five  different 
lots,  in  order  to  facilitate  the  examination  and  identification  of 
its  components  ;  and  notes  were  made  accordingly  as  to  their 
apparent  character.  But  it  was  found  that  there  still  remained, 
in  some  cases,  nearly  one-fourth  of  the  original  sample  as  unde- 
termined stemmy  and  leafy  residue.  Hence,  all  such  residues 
that  amounted  to  more  than  10  per  cent,  of  the  original  sample 
were  afterwards  submitted  to  a  further  separation — a  most  tedious 
labour — which,  however,  has  in  very  few  cases  left  as  much  as 
10  per  cent  of  undetermined  matter.  Still,  after  these  further 
separations,  the  relative  proportions  of  the  final  stemmy  and 
leafy  residues  will,  to  some  extent  indicate  the  ease  or  dif- 
culty  attending  the  separations  and  identifications,  and  at  the 
same  time,  be  some  indication  of  the  character  of  development 
of  the  herbage.  For,  it  will  be  readily  understood  that  a  very 
luxuriant  and  stemmy  Graminaceous  produce,  would  be  much 
more  easily  separated  into  its  components,  than  a  mass  consisting 
almost  exclusively  of  leafy  herbage.  Indeed,  whilst  some  of  the 
individual  samples  required  more  than  a  week  for  the  first,  and 
afterwards  some  days  for  the  second  separation,  others  were 
worked  much  more  easily. 

The  numerical  results  of  the  inquiry,  showing  the  proportion 
per  cent,  in  each  sample,  of  each  separated  portion,  are  given 
in  the  large  folding  Table,  facing  p.  36  ;  in  which  the  indi- 
vidual plants,  or  descriptions  of  herbage  otherwise  defined,  are 
classified  into— 

1.  — Graminaceous  herbage  :  m 

Determined  species ; 
Undetermined  stem  and  leaf ; 

Shedded  flowers  and  seeds,  &c.  (chiefly  Graminaceous). 

2.  — Leguminous  herbage. 

3.  — Miscellaneous  herbage. 

And,  as  will  be  seen,  the  different  plants  composing  the  Mis- 
cellaneous or  weedy  herbage,  are  classified  into  the  Natural 
Orders  to  which  they  respectively  belong. 

The  following  is  a  detailed  statement  of  the  manuring  of  the 
different  plots ;  a  brief  description  of  which  is  given  under  the 
corresponding  plot-numbers  in  the  Tables.  Unless  otherwise 
stated,  the  same  description  and  amount  of  manure  has  been 
applied  to  the  respective  plots  every  year  since  the  beginning  of 
the  experiments  in  1856.    The  quantities  are  given  per  acre. 

Plot  1. — Unmanured. 

Plot  2. — Unmanured  (duplicate  plot  at  the  further  end  of 
the  series). 
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Plot  3  a. — Superphosphate  of  lime  ;  composed  of  200  lbs. 
bone-ash,  and  150  lbs.  sulphuric  acid  of  sp.  gr.  1*7^  4th 
season,  commencing  in  1859 ;  sawdust  alone  the  three 
previous  seasons. 

Plot  3  ft. — Superphosphate  of  lime ;  and  400  lbs.  ammonia- 
salts  (equal  parts  sulphate  and  muriate  of  commerce,  sup- 
plying about  82  lbs.  nitrogen  per  acre).  4th  season, 
commencing  in  1859  ;  the  three  previous  seasons  sawdust 
alone. 

Plot  4. — 400  lbs.  ammonia-salts. 

Plot  5. — 400  lbs.  ammonia-salts ;  and  2000  lbs.  sawdust 
Plot  6. — 275  lbs.  nitrate  of  soda  of  commerce  (containing 

about  41  lbs.  nitrogen).    5th  season,  commencing  1858. 
Plot  7. — 550  lbs.  nitrate  of  soda  (containing  about  82  lbs. 

nitrogen).  5th  season,  commencing  in  1858. 
Plot  8. — Mixed  mineral  manure,  composed  of — 

300  lbs.  sulphate  of  potass. 
200  lbs.  sulphate  of  soda. 
100  lbs.  sulphate  of  magnesia. 
Superphosphate  of  lime,  as  above. 

Plot  9. — Mixed  mineral  manure ;  and  2000  lbs.  sawdust 
(The  mixed  mineral  manure  as  Plot  8  to  1861  inclusive, 
and  in  1862  the  sulphate  of  potass  excluded,  and  the 
amount  of  sulphate  of  soda  raised  to  500  lbs.) 

Plot  1 0. — Mixed  mineral  manure,  as  Plot  8 ;  and  400  lbs. 
ammonia-salts. 

Plot  ll. — Mixed  .mineral  manure,  as  Plot  9  ;  and  400  lbs. 
ammonia-salts. 

Plot  12  a. — Mixed  mineral  manure,  as  Plot  8  ;   400  lbs. 

ammonia-salts  ;  and  2000  lbs.  cut  wheat-straw. 
Plot  12  ft. — Duplicate  of  Plot  12  a,  but  rather  sheltered  on 

the  west  by  trees. 
Plot  13  a. — Mixed  mineral  manure,  as  Plot  8  ;  and  800  lbs. 

ammonia-salts,  equal  about  1 64  lbs.  nitrogen  (only  400  lbs. 

ammonia-salts  in  1859,  1860,  and  1861). 
Plot  13  ft. — Mixed  mineral  manure,  as  riot  13  a,  to  1861 

inclusive  ;    the  same  with  200  lbs.  silicate  of  soda  and 

200  lbs.  silicate  of  lime  in  addition  in  1862  ;  and  800  lbs. 

ammonia-salts  (only  400  lbs.  ammonia-salts  in  1859, 1860, 

and  1861). 

Plot  14. — Mixed  mineral  manure,  as  Plot  8  ;  and  275 lbs. 

nitrate ^of  soda.    5th  season,  commencing  in  1858.  ^ 
Plot  15. — Mixed  mineral  manure,  as  Plot  8;  and  550 lbs. 

nitrate  of  soda.    5ti\  season,  commencing  in  1858. 
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Plot  16. — 14  tons  farm-yard  manure. 

Plot  17. — 14  tons  farm-yard  manure ;  and  200  lbs.  ammonia-, 
salts. 

With  the  view  of  both  controlling  and  adding  to  the  nume- 
rical results  of  the  botanical  separations,  it  was  decided  to  have 
systematic  series  of  notes  taken  on  the  ground.  To  this  end, 
between  three  and  four  weeks  prior  to  the  date  of  cutting  were 
devoted  to  making  observations,  as  under  : — 

1.  On  each  plot  seriatim ;  remarking  the  predominance,  and 
character  of  development,  of  the  different  plants. 

2.  On  each  of  the  most  important  plants  seriatim  ;  comparing 
its  predominance,  and  character  of  development,  on  the  different 
plots. 

3.  On  the  relative  conditions  of  ripeness  of  the  plots  generally, 
and  of  individual  descriptions  of  plants,  just  before  cutting. 

Then,  after  the  crop  was  cut,  and  before  its  removal  from  the 
ground,  further  notes  were  taken,  with  the  full  view  of  the  pro- 
duce of  the  entire  plot  then  at  command,  the  former  ones  having 
been  made  only  at  either  end  of  the  respective  plots. 

Lastly,  notes  on  the  second  crop  were  taken. 

In  the  separations  of  1858,  the  number  of  species  deter- 
mined in  any  one  sample  in  no  case  amounted  to  twenty ;  the 
undetermined  Graminaceous  herbage  was,  however,  subdivided 
into  four  or  five  different  lots,  supplying,  in  addition  to  the  defined 
species,  so  many  different  descriptions  of  herbage ;  but  in  the 
separations  of  1862,  forty  or  more  defined  species  were  in  some 
cases  identified.  It  is  not  supposed  that  a  greater*  number  of 
plants  occurred  in  the  produce  of  1862  than  in  that  of  1858.  The 
result  is  doubtless  due  to  the  much  greater  amount  of  attention 
and  labour  bestowed  upon  the  more  recent  separations.  There 
is,  however,  no  doubt,  that,  although  the  more  general  character- 
istics of  the  herbage  on  the  respective  differently-manured  plots 
remain  the  same  as  formerly — that  is  to  say,  as  to  the  general 
predominance  respectively  of  Graminaceous,  Leguminous,  and 
Miscellaneous  herbage,  and  tendency  to  stemmy  or  leafy  deve- 
lopment— yet  that  there  is  a  considerably  altered  predominance  of 
particular  plants,  as  a  further  consideration  of  the  results  will 
show. 

It  is  not  proposed  to  comment  in  detail  upon  the  numerical 
results  given  in  the  large  folding  Table  (facing  p.  36),  nor  to 
quote  at  any  length  from  the  voluminous  written  observations  to 
which  reference  has  been  made,  as  such  a  treatment  of  the 
subject  is  more  suitable  to  the  pages  of  a  Botanical  than  of  an 
Agricultural  Journal. 


10 


Effects  of  different  Manures  on  the 


The  most  important  practical  points  for  consideration  are 
those  which  illustrate  the  character  of  the  herbage  in  relation  to 
the  manures  employed,  and  to  the  amounts  of  crop  yielded.  In 
relation  to  these  points,  therefore,  we  shall  briefly  consider — 

1.  The  general  description,  and  proportion  per  cent.,  of  the 
different  kinds  of  herbage  (Graminaceous,  Leguminous,  or  Mis- 
cellaneous), and  the  number  of  species. 

2.  The  description,  and  proportion  per  cent.,  of  the  predomi- 
nating species. 

3.  The  tendency  to  the  development  of  leafy  or  stemmy  pro- 
duce, and  the  order  of  ripeness. 

I. —  The  general  description,  and  proportion  per  cent.,  of  the 
different  kinds  of  herbage  {Graminaceous,  Leguminous,  and  Mis- 
cellaneous), and  the  number  of  species,  in  relation  to  the  manures 
employed,  and  to  the  amounts  of  crop  yielded. 

In  Table  II.  (pp.  12-13),  are  given  the  results  relating  to  this 
branch  of  the  subject.  On  the  left  hand  will  be  found  a  short 
description  of  the  manures  employed,  and  a  column  showing  the 
average  annual  yield  of  hay  per  aero  on  each  plot,  reckoned 
from  the  commencement  of  the  experiments  to  1862  inclusive; 
the  records  for  the  plot  giving  the  largest  amount  of  produce 
standing  at  the  head  of  the  list,  and  so  on,  in  order,  according  to 
the  crop  yielded.  Side  by  side  with  these  particulars,  on  their 
right,  are  given,  for  each  plot,  the  proportion  per  cent  in  the 
produce,  of — 

1.  — Graminaceous  herbage  : 

Determined  species ; 
Undetermined  stem  and  leaf; 

Shedded  flowers,  seeds,  &c.,  chiefly  Graminaceous. 

2.  — Leguminous  herbage. 

3.  — Miscellaneous  or  weedy  herbage. 

Also  the  number  of  species,  respectively  of  the  Graminaceous, 
the  Leguminous,  and  the  Miscellaneous  herbage. 

It  will  be  seen  that  the  average  annual  amount  of  produce  at 
the  head  of  the  list  is  6877  lbs  ,  and  that  there  is  a  pretty  gradual 
diminution  down  to  2720  lbs.,  which  is  the  yield  without  manure 
of  any  kind.  The  heaviest  produce  was  obtained  where,  in  con- 
junction with  the  mixed  mineral  manure,  the  largest  amount  of 
ammonia-salts  (containing  about  164  lbs.  of  nitrogen)  was  ap- 
plied. Leaving  out  of  consideration  for  the  present  the  com- 
paratively immaterial  influence  of  cut  wheat-straw,  or  sawdust, 
the  next  in  order  as  to  amount  of  crop  are  the  five  plots  where, 
with  the  mixed  mineral  manure,  half  the  quantity  of  nitrogen 
(about  82  lbs.),  either  in  \Vvc  foxm  *A  mmQm-».lU  or  nitrate  of 
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soda,  was  used.  Then  come  two  plots,  the  one  with  about  41  lbs. 
nitrogen,  supplied  in  the  form  of  ammonia-salts,  and  the  other  with 
the  same  amount  in  the  form  of  nitrate  of  soda ;  the  former  with 
farmyard  dung  manure  in  addition,  containing,  of  course,  besides 
a  large  amount  of  mineral  constituents  and  carbonaceous  organic 
matter,  a  considerable  quantity  of  nitrogen ;  the  latter  with  the 
mixed  mineral  manure.  Next  comes  the  plot  with  ammonia- 
salts  (=82  lbs.  nitrogen)  and  superphosphate  of  lime  instead  of  the 
mixed  mineral  manure,  showing  a  deficiency  of  produce,  due  to 
the  exclusion  of  the  alkaline  salts,  of  1200  lbs.  to  1400  lbs.  ^>er 
acre  per  annum.  Still,  this  obviously  defective  combination 
gives  more  produce  than  an  annual  dressing  of  14  tons  of  farm- 
yard manure  per  acre,  with  all  its  mineral  and  carbonaceous 
organic  matter,  and  a  good  deal  of  nitrogen  also.  Nitrate  of 
soda  alone  =  82  lbs.  nitrogen,  stands  next  to  farmyard  manure 
alone,  giving  more  produce  than  the  mixed  mineral  manure 
alone ;  which,  in  its  turn,  gives  slightly  more  than  ammonia- 
salts  alone  =  82  lbs.  nitrogen,  or  nitrate  of  soda  alone  =  41  lbs. 
nitrogen,  and  considerably  more  than  superphosphate  of  lime 
alone.  But  although  the  mixed  mineral  manure  alone  gave 
more  total  produce  than  the  ammonia-salts  alone  (=  82  lbs. 
nitrogen),  it  in  point  of  fact  gave  very  much  less  of  Graminaceous 
herbage,  its  increase  consisting  in  very  large  proportion  of  Legu- 
minous plants. 

The  general  result  is,  then,  that  the  largest  amounts  of  gross 
produce  were  obtained  where  the  largest  amounts  of  nitrogen 
were  applied  in  the  manure ;  provided  only,  that  a  sufficiency  of 
mineral  constituents  was  at  the  same  time  supplied.  Further, 
that  much  larger  crops  were  obtained  by  means  of  artificial 
manures  supplying  nitrogen  and  mineral  constituents,  than  by  a 
heavy  dressing  of  farmyard  manure,  with  all  its  carbonaceous 
organic  matter  in  addition  to  its  large  amount  of  nitrogen  and 
mineral  constituents.  And  again,  a  complex  mineral  manure 
alone,  gave  about  as  much  total  produce  as  ammonia-salts  alone 
or  nitrate  of  soda  alone  ;  but  the  description  of  herbage  developed 
was  very  different  in  the  two  cases. 

Let  us  now  consider  the  varying  character  of  the  herbage  coin- 
cident with  the  use  of  such  very  different  descriptions  of  manure, 
and  the  production  of  such  very  varying  amounts  of  crop. 

A  glance  at  the  Table  (II.)  shows  that  with  the  highest  amount 
of  produce  there  was  the  highest  proportion  in  it  of  Graminaceous 
herbage  =  about  95  per  cent.,  no  Leguminous  herbage  whatever, 
and  the  lowest  proportion  of  Miscellaneous  herfiage  =  not  quite 
5  per  cent  There  was  also  with  the  lowest  amount  of  produce 
only  about  74  per  cent  of  Graminaceous  V^tav^ 
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•Table  II. — Showing  the  General  Description,  and  Proportion  per  Cent.,  of  the 

employed,  and  to  the  amount*  of  Crop 


Ott&ts  or  moot  Pboducr,  rm  Aom. 

1 1 !  |  HI 

Ah  DwanriOT 

P*r  Cent, 

No*. 

Gram 

JS5B-61. 

Determined 

UndffrniiiTip<! 

LJ  HKL\  LA,  4  LU  1 1  PT*>I 

A mmou in  -sbI t&  =  1 64  lbs.  nitrogen,  and 
mixed  mineral  manure,  including 

|  6877 

81  '  95 

13a  j 

Ammonia-salts-  !64  lbs,  nitrogen,  and 
mixed   mineral    manure  (without 
silicates)    ■  * 

6876 

80*91 

5  69 

,0  { 

Ammonia  sails  =  82  I  ha,  nitrogen,  aud 
nii&cd  minPTnl  mfintirtf* 

1  6357 

77-57 

6-31 

A  mmou  la-sat  ts  -  82  lbs.  nitrogen,  and 
inixnl   in  i  i  h  'L  ;il  tii a u urn  f  excluding 
potass  in  1862),  and  sawdust  .. 

j  G21G 

7397 

A  91 

12a  I 

A  n  i  rn  or;i  a  -sal  ts  =  S  2 1  bs.  ni  t  rogeu  ,  mbte  d 
mmeral  manure,  and  2LMJU  lbs.  cut 
wheat-btraw 

j 

I  6,59 

Sin  i 

652 

135  | 

Duplicate  of  plot  12a  (half  of  Uie  plot 
rather  sheltered  bv  trees \ 

1  6U1 

J 

74  "39 

■  13*69 

15  { 

Nitrate  of  eoda=82  lbs.  nitrogen,  and 
ml^ed  mi  tie  ml  manure 

1  5783* 
i 

67*39 

12-65 

17  J 

Ammonia-salts  =  41  lbs*  nitrogen,  and 
farmyard  inanuiv   

|  5468 

73-48 

5-82 

H  I 

\ 

Nitrate  of  soda  =  41  lbs.  nitrogen,  and 
mixed  mineral  manure  

|  4939* 

65*78 

8*27 

36  | 

Ammonia-salts  =  82  lbs,  nitrogen,  and 

j  4677* 

69*45 

6*40 

16 

Farmyard  manure,  aloue 

4775 

60-33 

7*80 

7 

Nitrate  of  soda,  alone  =  82  lbs.  nitrogen 

4126* 

£2-34 

17*65 

•  i 

Mixed    mineral  manure  (excluding 
potass  in  186*),  and  sawdust  .. 

|  4100 

65*S1 

8 

Mixed  mineral  manure,  alone 

3919 

56-47 

5*83 

•  I 

Ammonia-salts  =  82  Lbs*  nitrogen,  and 

}  3839 

77*43 

1-59 

6 

Nitrate  of  soda,  alone  =  41  lbs*  nitrogen 

3805* 

57*27 

14*61 

4 

Ammonia-salts,  alone  =  82  lbs.  nitrogen 

3719 

78*66 

507 

3a 

Snperp!u*ph-iH'  of  lime,  alutie    ..  .. 

3164+ 

62-36 

8-90 

2 

Unman  u  red  ** 

2927 

5S-13 

It'll 

1 

Un  manured          . .     4i     4,     , ,  mt 

2720 

58-81 

T-43 

•V  Average  ol  4        v>yvY$  ,\%^-^tafaa\N«. 
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fferent  kinds  of  Herbage,  and  the  Number  of  Species,  in  relation  to  the  Manures 
elded.    Seventh  Season,  1862. 


Herbage. 


Per  Cent. 

i 

Number  of  Species. 

Graminaceous. 

leguminous. 

Miscel- 
laneous. 

Grami- 
naceous. 

Leguminous. 

Miscel- 
laneous. 

Total. 

xkled  Flowers 
td  Seeds,  &c., 
defly  Grami- 
naceous. 

Total. 

4-19 

95  02 

0*00 

4*98 

14 

0 

7 

21 

3-81 

90-41 

0-00 

9-59 

15 

0 

9 

24 

5-78 

89-66 

012 

10-22 

14 

2 

12 

28 

4*96 

Q£  •  OA 

0*13 

13*03 

15 

2 

13 

30 

3*25 

90*38 

0*46 

9*16 

14 

2 

13 

29 

5-06 

92*14 

0-02 

7*84 

14 

2 

10 

26 

9*71 

89-75 

0*86 

9*39 

13 

2 

10 

25 

10-28 

89*58 

0*21 
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almost  the  lowest  proportion),  about  7  per  cent,  of  Leguminous 
herbage,  and  nearly  the  highest  proportion  of  Miscellaneous  or 
weedy  herbage. 

Again,  whilst  the  smallest  number,  or  only  21  species  of 
plants,  was  discovered  in  the  sample  of  the  heaviest  produce,  the 
largest  number,  or  43  species,  was  found  in  that  of  the  smallest 
produce. 

These  extreme  results  prominently  bring  to  view  the  fact,  that 
with  large  produce  there  was  an  almost  exclusively  Graminaceous, 
and  a  comparatively  simple  herbage ;  and  that  with  small  pro- 
duce the  herbage  was  at  once  much  less  Graminaceous,  and 
much  more  complex.  There  is,  moreover,  with  some  instructive 
exceptions  to  which  attention  will  be  directed,  something  like  a 
gradual  decrease  in  the  proportion  of  Graminaceous,  and  increase 
in  that  of  the  Miscellaneous  herbage,  and  especially  in  the  number 
of  species,  as  we  proceed  from  the  larger  to  the  smaller  crops. 

Taking  the  results  given  in  the  Table  a  little  more  in  detail,  it 
will  be  well  to  bear  in  mind  the  general  character  of  the  herbage 
on  the  unmanured  land,  as  the  standard  by  which  to  compare  that 
on  the  variously  manured  plots. 

The  unmanured  produce,  taking  the  mean  result  of  the  two  plots, 
consisted,  in  round  numbers,  of  about  74  per  cent.  Graminaceous, 
6  to  7  per  cent.  Leguminous,  and  about  19  per  cent  Miscellaneous 
herbage ;  and  it  comprised  about  40  species  of  plants. 

In  contrast  with  the  above  composition,  that  of  the  six  or  seven 
heaviest  crops  at  the  head  of  the  list  in  the  Table  (II.)  may  be 
taken,  in  round  numbers,  at  from  about  90  to  95  per  cent  Gra- 
minaceous, from  0  to  0*86  per  cent.  Leguminous,  and  from  5  to 
something  over  10  per  cent  Miscellaneous  herbage ;  the  number 
of  species  varying  from  21  to  30. 

Comparing  these  heavier  crops  with  one  another,  it  is  inter- 
esting to  observe  that  Plot  13  ft,  manured  with  ammonia- 
salts  and  a  mineral  manure  including  silicates,  gave  a  higher 
percentage  of  Graminaceous,  and  a  lower  percentage  of  Mis- 
cellaneous herbage,  than  Plot  13  a,  with  otherwise  the  same 
manure  but  excluding  silicates.  Again,  Plot  10  with  ammonia- 
salts  and  mineral  manure  including  potass,  gave  rather  more 

Eroduce,  and  a  rather  higher  proportion  of  Graminaceous 
erbage,  than  Plot  11,  with  the  same  amount  of  ammonia- 
salts,  and  otherwise  the  same  mineral  manure  (and  sawdust 
in  addition),  but  excluding  potass.  Plot  10 'also  gave  rather 
more  produce  than  either  Plot  12  a  or  Plot  12  ft,  which  had 
the  same  amount  of  ammonia-salts  and  mineral  manure,  with 
2000  lbs.  of  cut  wheat-straw  per  acre  per  annum  in  addition, 
though  these  plots  with  the  cut  wheat-straw  gave  a  slightly  higher 
proportion  of  Gramn\aceo\»hex\w^e. 

riot  15,  with  the  same  mmm\  muron*  ^^\*\.\^%sA^sk 
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about  the  same  amount  of  nitrogen,  but  in  the  form  of  nitrate  of 
soda  instead  of  ammonia-salts,  gave  considerably  less  produce 
but  almost  exactly  the  same  proportion  of  Graminaceous  herbage, 
and  more  Leguminous  herbage  (0'86  per  cent.),  than  any  of  the 
plots  manured  with  ammonia-salt. 

The  better  adaptation  of  nitrate  of  soda  than  ammonia  salts  as 
a  manure  for  Leguminous  plants,  a  fact  which  we  have  in  other 
cases  observed,  is  again  seen  in  the  results  of  Plot  14.  In  that 
case,  with  a  smaller  amount  of  nitrate  of  soda  and  the  mixed 
mineral  manure,  the  Leguminous  herbage  amounted  to  nearly 
2  per  cent  of  the  produce.  There  was,  at  the  same  time,  a 
larger  proportion  of  Miscellaneous  or  weedy  herbage  (18'39  per 
cent.),  and  consequently  a  smaller  proportion  of  the  Grami- 
naceous, than  in  any  other  case  with  an  equally  bulky  crop. 
Ammonia -salts,  even  in  conjunction  with  farmyard-manure, 
increased  the  proportion  of  Graminaceous  plants  at  the  expense 
of  the  Leguminous  and  Miscellaneous  herbage. 

Farmyard-manure  alone,  increased  the  proportion  of  the  Gra- 
minaceous at  the  expense  of  the  Leguminous  herbage,  the  pro- 
portion of  Miscellaneous  herbage  remaining  about  the  same, 
though  its  character  was  very  different,  there  being  much  fewer 
species  and  much  greater  predominance  of  individual  weeds. 
In  fact,  under  the  influence  of  farmyard-manure  there  were  fewer 
species  developed  within  each  division — Graminaceous,  Legu- 
minous, and  Miscellaneous — the  manured  crop  affording  only 
27  species,  against  38  in  one  case,  and  43  in  another,  without 
manure. 

Perhaps  the  most  striking  of  the  results  recorded  in  the  Table 
is  that  obtained  on  Plot  8,  by  means  of  the  mixed  mineral 
manure  alone.  Whereas,  without  manure  we  have  74  per  cent. 
Graminaceous,  6  to  7  per  cent  Leguminous,  and  nearly  20  per 
cent  Miscellaneous  herbage;  and  with  the  mixed  mineral 
manure,  and  ammonia-salts  in  addition,  90  to  95  per  cent  of 
the  produce  Graminaceous,  either  no  Leguminous  herbage  at 
all,  or  but  a  fraction  of  1  per  cent  of  it,  and  5  to  10  per  cent  of 
Miscellaneous  herbage;  we  have,  with  mixed  mineral  manure 
alone,  only  about  66£  per  cent  of  Graminaceous  herbage,  as 
much  as  24  per  cent  Leguminous  herbage,  and  only  about  9£  per 
cent.  Miscellaneous.  Thus,  two-thirds  only  of  the  produce  by 
the  mixed  mineral  manure  alone  consisted  of  grasses,  whilst 
nearly  one-fourth  of  it  consisted  of  clovers,  meadow  vetchling, 
and  trefoil.  The  total  number  of  species  was,  however,  about 
as  high  as  without  manure,  and  very  much  higher  than  with  the 
same  mineral  manure  and  ammonia-salts  in  addition. 

As  already  alluded  to,  when  such  mineral  manures  ate  a^lvel 
to  crops  grown  separately,  as  in  rotation,  VftiftetA  ol  Xoggfetet  va. 
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mixed  herbage,  they  generally  increase  the  produce  of  Gramina- 
ceous ones  but  little,  and  that  of  Leguminous  ones  very  charac- 
teristically. It  has  been  found,  too,  that  even  in  a  clayey  soil,  the 
constituent  of  mineral  manures  which  seems  to  have  the  most 
influence  upon  the  growth  of  the  Leguminous  plants  of  rotation, 
beans  and  clover  for  example,  was  potass ;  and  we  have  in  the 
results  under  consideration  a  striking  instance  of  the  effects  pro- 
duced on  the  growth  of  the  allied  plants  of  the  mixed  herbage 
by  a  liberal  supply  to  the  soil  of  that  constituent.  Thus,  Plot  9 
had  in  every  previous  year  of  the  experiments  received  the  same 
description  and  amount  of  mineral  manure  as  Plot  8,  but  in  1862 
the  potass  was  excluded  (from  Plot  9),  and  a  larger  amount  of 
soda-salt  substituted.  The  result  was  that  the  produce  of  Plot  9, 
without  the  potass,  gave  only  18  instead  of  24  per  cent  of  Legu- 
minous herbage,  or  only  three-fourths  as  high  a  proportion  as 
that  of  the  plot  manured  otherwise  similarly,  but  with  the  potass 
in  addition. 

Superphosphate  of  lime  alone,  used  for  a  series  of  years,  has 
somewhat  increased  the  amount  and  proportion  of  the  grasses, 
at  the  expense  of  the  Leguminous  plants ;  the  proportion  of  the 
Miscellaneous  herbage  remaining  about  the  same.  Still,  the 
proportion  of  the  Leguminous  herbage  under  the  influence  of  this 
manure,  though  considerably  less  than  without  manure,  and  little 
more  than  one-tenth  as  great  as  with  the  mixed  mineral  manure 
(containing  salts  of  potass,  soda,  and  magnesia,  as  well  as  super- 
phosphate of  lime),  was  considerably  greater  than  in  any  case 
where  either  ammonia-salts  or  nitrates  were  used,  whether  they 
were  employed  alone,  in  combination  with  mixed  mineral,  or 
with  farmyard-manure. 

Lastly,  ammonia-salts  alone  (or  with  only  sawdust  in  addi- 
tion), or  nitrate  of  soda  alone,  considerably  increased  the  propor- 
tion of  the  grasses,  almost  excluded  the  Leguminous  herbage, 
reduced  the  proportion  of  Miscellaneous  plants,  and  also  the 
total  number  of  species. 

It  will  perhaps  be  remembered  that  some  years  ago  Baron 
Liebig  stated  he  had  obtained  marked  effects  by  the  use  of  saw- 
dust as  a  manure ;  a  result  which  he  considered  due  to  the 
evolution  of  carbonic  acid  from  the  decomposing  sawdust,  by 
means  of  which  the  supply  of  mineral  constituents  within  the 
soil  was  rendered  more  rapidly  available. 

We  have,  therefore,  for  some  years  past,  applied  2000  lbs.  of 
sawdust  per  acre,  per  annum,  to  a  few  of  the  experimental  plots. 
Where,  in  previous  years,  the  sawdust  was  used,  either  alone,  with 
mineral  manure  without  ammonia-salts,  or  with  ammonia-salts 
without  mineral  manure,  some,  but  generally  a  very  small  increase 
of  produce,  has  been  tlhe  Ye*vAt.  1fcw\.^\vw  \.V*»  sawdust  has  been 
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employed  with  both  mineral  manure  and  ammonia-salts,  that  is 
to  say  with  a  combination  itself  yielding  a  pretty  full  increase  of 
produce,  no  further  increase  has  been  obtained  by  its  means. 
Nor  has  the  use,  annually,  of  2000  lbs.  of  finely-cut  wheat-straw, 
in  addition  to  the  mixture  of  mineral  manure  and  ammonia-salts, 
had  as  yet  any  beneficial  effect  upon  the  amount  of  gross  produce 
per  acre,  notwithstanding  the  large  amount  of  mineral  -matter 
peculiarly  adapted  for  the  growth  of  Graminaceous  plants,  which, 
in  addition  to  its  decomposing  carbonaceous  substance,  it  would 
in  the  course  of  time  supply. 

Sawdust  has,  for  similar  reasons,  also  been  tried  on  some  of  the 
crops  grown  on  land  under  tillage,  and  with  equal  failure  of 
beneficial  result 

So  far  as  observation  goes,  the  effects  of  sawdust  have  been  as 
immaterial  on  the  character  of  the  mixed  herbage  as  on  its 
amount ;  but  as  in  the  past  season,  1862,  in  two  out  of  the  three 
cases  where  sawdust  was  employed  potass  was  excluded  from  the 
mixed  mineral  manure  used  with  it,  the  results  are  not,  in  the 
season  in  question,  strictly  comparable  with  those  of  the  plots 
with  which  they  had  previously  been  compared,  but  which  now 
differ  not  only  in  not  having  sawdust,  but  in  having  potass.  The 
only  strictly  comparable  experiments  in  1862  are  that  of  Plot  4 
with  ammonia-salts  alone,  and  that  of  Plot  5  with  the  same 
amount  of  ammonia-salts,  and  sawdust  in  addition ;  and,  so  far  as 
the  figures  go,  it  would  appear  that  the  sawdust  somewhat  reduced 
the  proportion  of  the  grasses,  and  increased  that  of  the  Miscel- 
laneous or  weedy  herbage. 

We  now  turn  to  a  consideration  of  the  next  branch  of  the 
subject. 

II. —  The  description,  and  proportion  per  cent.,  of  the  predominating 
species,  in  relation  to  the.  manures  employed,  and  to  the  amounts  of 
crop  yielded. 

Table  III.  (pp.  18-19)  illustrates  this  branch  of  the  subject. 
As  in  Table  II.,  the  plots  are  arranged  in  order  according  to  the 
amount  of  produce,  the  one  yielding  the  most  being  at  the  head 
of  the  list,  and  so  on.  The  particulars  given  relating  to  the 
predominating  plants  are — 

1.  The  names,  and  proportion  per  cent,  of  the  5  predomi- 

nating Graminaceous  plants,  or  genera. 

2.  The  names,  and  proportion  per  cent,  of  the  2  predomi- 

nating Leguminous  plants,  or  genera. 

3.  The  same  particulars  for  the  3  predominating  Miscella- 

neous or  weedy  plants. 

Although  it  is  believed  that  the  ftguxea  vtv  ftv*  Nrnwa^^^ 
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may  be  fully  relied  upon  as  showing  the  general  relation  to  one 
another  of  the  individual  species,  or  different  orders  of  plants,  it 
is  by  no  means  supposed  that  small  numerical  differences,  or  even 
in  all  cases  greater  ones,  are  to  be  taken  unconditionally  as  repre- 
senting corresponding  differences  in  the  character  of  the  herbage. 
It  will  be  readily  understood  that  in  any  case,  and  especially  in 
that  of  a  very  heavy  and  luxuriant  crop,  there  must  be  great 
difficulty  in  collecting  a  sample  of  no  more  than  some  ten  pounds 
weight  which  will  absolutely  represent  the  bulk  of  the  mixed 
herbage.  Then  again,  the  difficulty  of  separation  and  identifica- 
tion in  the  case  of  a  mass  of  ill-defined  and  mutilated  leafy 
produce  is  extremely  great  It  was  with  a  full  appreciation  of 
these  difficulties  that  we  felt  it  necessary,  if  for  no  other  reason 
than  as  a  means  of  control  over  the  numerical  results,  that  the 
several  series  of  notes  to  which  reference  has  been  made  should 
be  taken.  And  although  the  botanical  separations  have  been 
conducted  at  the  cost  of  an  immense  amount  of  care  and  labour, 
we  shall,  in  the  few  remarks  we  have  to  make  on  the  results  on 
the  present  occasion,  be  guided  by  a  careful  consideration  of  the 
recorded  observations,  as  well  as  of  the  figures  given  in  the  tables. 

Taking  the  distribution  of  plants  in  the  produce  of  the  un- 
manured  land  as  the  standard  by  which  to  compare  that  of  the 
other  plots,  attention  will  be  directed  in  some  detail  to  its  com- 
ponents. 

The  Unmanured  produce. 

Sixteen  Graminaceous  species  were  identified  in  the  un- 
manured produce,  constituting  together  about  74  per  cent  of 
its  weight ;  and  although  their  distribution  was  more  even  than 
in  most  of  the  cases  of  the  manured  land,  the  species  of  the  five 
predominating  genera  amounted  in  one  case  to  43  and  in  another 
to  47  per  cent,  of  the  total  produce.  In  the  produce  of  the 
heaviest  crops,  however,  generally  over  60,  and  sometimes  as 
much  as  68  or  69  per  cent  were  referable  to  the  five  predomi- 
nating species,  or  at  any  rate  to  the  species  included  within  the 
five  predominating  genera. 

In  the  unmanured  produce,  Festuca  duriuscula,  or  F.  pratensis, 
which  are  hardy  and  good  grasses,  Avena  pubescens  and  A. 
flavescens,  sweet  and  good  grasses,  adapted  to  dry  and  chalky 
land,  and  much  liked  in  hay,  were  the  most  prominent ;  bat  they 
were  by  no  means  in  such  large  proportion  as  the  predominating 
grasses  on  most  of  the  manured  plots.  Next  to  these  were  Lolium 
perenne,  a  very  good  and  free-growing  grass ;  Agrostis  vulgaris, 
a  creeping-rooted  plant,  said  to  be  not  liked  by  cattle;  and 
Holcus  lanatus,  also  a  bad  food-grass,  being  too  soft  and  woolly. 
After  these  came  XTiWT^^eium  wenasaum^  a  rather  favourite 


Mixed  Herbage  of  Grass-Land. 


21 


grass  as  early  feed,  and  for  its  second  cut ;  Poa  trivialis,  also  a 
good  grass  for  early  feed  and  second  crop,  but  from  its  tufty 
growth  and  strong  creeping  roots  said  to  be  apt  to  banish  other 
grasses ;  Anthoxanthum  odoratum,  a  fragrant  grass,  but  not 
relished  in  large  quantity ;  and  Alopecurus  pratensis,  better  as 
green  food  than  as  hay.  All  the  above  were  more  evenly  dis- 
tributed in  the  small  unmanured  produce  than  in  any  other ;  and 
it  contained  besides,  insignificant  quantities  of  Dactyl  is  glomerata, 
a  bulky  and  free-growing  grass  under  favourable  conditions,  and 
much  liked  by  stock  when  not  too  old ;  Briza  media,  a  plant  of 
limited  growth,  and  not  much  relished  as  food ;  Cynosurus 
cristatus,  varying  in  character  considerably,  according  to  circum- 
stances of  growth,  better  for  pasture  than  for  hay,  but  upon  the 
whole  of  little  utility ;  and  lastly  Bromus  mollis,  a  soft  and  very 
bad  food-grass. 

It  is  true  that  on  one  of  the  unmanured  plots  (No.  2)  Dactylis 
glomerata  occurred  in  notable  quantity;  but  as  that  plot  was 
situated  between  plots  12  a  and  13  5,  on  both  of  which  Dactylis 
was  very  luxuriant,  it  is  more  probable  that  it  has,  from  time  to 
time,  been  seeded  from  them,  than  that  such  a  grossly-feeding 
grass  flourished  naturally  on  the  unmanured  land.  Observation, 
indeed,  led  to  the  conclusion  that  in  some  other  cases  unexpected 
differences  in  the  indications  of  the  figures  are  attributable  to 
adventitious  circumstances  of  an  allied  kind. 

Of  Leguminous  herbage,  the  unmanured  produce  contained 
from  6.  to  7  per  cent.,  the  larger  portion  of  which  consisted  of 
perennial  red  clover,  with  a  little  white  .clover.  Lathyrus 
pratensis  (meadow  vetchling),  and  Lotus  corniculatus  (bird's-foot 
trefoil)  occurred  in  less  quantity,  but  the  two  about  equally,  and 
more  largely  than  in  any  other  case  excepting  where  the  mixed 
mineral  manures  were  employed. 

The  Miscellaneous  or  weedy  herbage,  of  which  nearly  20  per 
cent,  of  the  unmanured  produce  was  composed,  also  consisted, 
like  the  Graminaceous  herbage,  of  a  great  variety  of  species,  of 
which  few  specially  predominated,  excepting  the  Plantago 
lanceolata  (ribwort  plantain).  The  next  in  prominence  were  the 
Ranunculus  acris  and  R.  bulbosus  (crowfoots),  Rumex  acetosa 

i sorrel  dock),  Carum  Carui  (common  caraway),  Achillea  mille- 
folium (milfoil),  and  Luzula  campestris  (field  wood-rush).  In 
smaller  quantity  occurred — of  the  Order  Composite — Centaurea 
nigra  (black  knapweed),  Leontodon  hispidus  (rough  hawkbit), 
Tragopogon  pratense  (yellow  goat's  beard),  Taraxacum  Dens- 
leonis  (dandelion),  Hypochoeris  radicata  (cat's-ear),  and  Bellis 
perennis  (daisy)  ;  of  the  Order  Umbelliferce,  Pimpinella  saxifraga 
(burnet  saxifrage),  and  Heracleum  sphondylium  (hogweed)  :  and 
of  plants  of  various  other  natural  Older*,  occOTtva%  ^\\«i>%^fe- 
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valently,  were  the  Veronica  chamaedrys  (germander  speedwell), 
Cerastium  vulgatum  (mouse-ear  chickweed),  Stellaria  graminea 
(lesser  starwort),  Scabiosa  arvensis  (field  scabious),  Hypnum 
squarrosum  (squarrose  moss),  Primula  veris  (cowslip),  San- 
guisorba  officinalis  (great  burnet),  Geum  urbanum  (common 
avens),  Galium  verum  (yellow  bed-straw),  Ajuga  reptans  (bugle), 
and  Ophioglossum  vulgatum  (adder's  tongue).  Aud  there  were 
probably  others  of  too  unpretending  and  restricted  growth  to  be 
observed  on  the  ground,  or  to  come  within  reach  of  the  scythe. 

Upon  the  whole  the  unmanured  produce — Graminaceous, 
Leguminous,  and  Miscellaneous — was  more  complex,  and  less 
characterised  by  the  prevalence  of  individual  species,  than  that 
of  any  of  the  manured  plots.  The  most  predominating  plants 
were,  of  the  grasses  Festuca  duriuscula  and  F.  pratensis,  Avena 
pubescens  and  A.  flavescens ;  and  of  the  Miscellaneous  or  weedy 
plants,  Plantago  lanceolata. 

It  is  only  necessary  to  add  that  the  meadow  yielding  the  mixed 
herbage  composed  as  above  described,  though  giving  hay  of  fair 
average  quality,  and  useful  after-feed  for  store  stock,  or  sheep,  by 
no  means  partakes  of  the  character  of  a  fattening  pasture. 

Effects  of  Mineral  Manures  alone. 

The  plots  on  which  the  Graminaceous  herbage  more  nearly 
approached  to  that  of  the  unmanured  land,  both  in  complexity 
and  in  general  prevalence  of  the  same  species,  were  plot  3  a 
manured  with  superphosphate  of  lime  alone,  and  plots  8  and  9 
with  the  mixed  mineral  manure.  The  chief  distinctions  apparent 
are,  that  by  superphosphate  of  lime  alone  the  inferior  grass 
Holcus  lanatus  was  brought  into  somewhat  greater  prominence, 
and  that  by  it,  as  well  as  by  the  mixed  mineral  manure  alone, 
the  useful  grass  Poa  trivialis  was  somewhat  increased  in  rela- 
tive amount.  By  the  mixed  mineral  manure,  Arrhenatherum 
avenaceum  also  appears  to  be  somewhat  encouraged.  The  free 
growing  and  bulky  Dactylis  glomerata  was  in  very  small  quantity 
on  either  of  the  plots  manured  with  mineral  manure  alone ;  nor 
are  either  of  the  other  grasses  which  occur  in  predominating 
amount  on  one  or  other  of  the  plots  yielding  the  heavier  crops, 
found  at  all  prominently  in  the  comparatively  small  produce 
grown  under  the  influence  of  mineral  manures  alone. 

It  was  on  the  amount  and  character  of  the  Leguminous  herbage 
that  the  mineral  manures  alone  produced  the  most  striking  effects. 
Superphosphate  of  lime  alone,  considerably  reduced  the  propor- 
tion of  such  herbage ;  but  when  with  it  salts  of  potass,  soda,  and 
magnesia  were  used,  Trifolium  pratense  perenne,  and  Lathyms 
pratensis,  were  developed  m     exV^xdinarv  degree.   When  the 
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mixed  mineral  manure  contained  potass,  as  well  as  soda  and 
magnesia  (plot  8),  the  Lathy rus  somewhat  predominated  ;  and 
where  the  potass  was  excluded  (plot  9)  it  was  in  a  smaller  pro- 
portion. Lotus,  again,  was  more  abundant  on  plot  8,  where 
the  potass  was  employed.  As  already  alluded  to,  however, 
the  total  amount  of  Leguminous  herbage  was  very  much  the  less 
on  plot  9,  where  the  potass  was  excluded ;  and  as  at  present  it 
has  only  been  for  one  season  excluded,  it  is  not  improbable  that 
the  proportion  of  such  herbage  will  in  future  be  greatly  reduced. 
It  is  worthy  of  remark,  too,  that  on  plot  8,  where  the  application 
of  potass  is  continued,  the  proportion  of  Leguminous  herbage 
was  almost  exactly  the  same  in  the  produce  of  the  seventh  year 
of  the  experiments,  1862,  as  it  had  been  found  to  be  in  that  of 
the  third  season,  1858. 

Superphosphate  of  lime  alone,  which  tended  to  decrease  the 
proportion  of  Leguminous  plants,  seemed  to  be  generally  favour- 
able to  the  development  of  the  Miscellaneous  ones,  both  the 
variety  and  amount  of  such  herbage  being  considerable.  The 
proportion  of  Plantago  lanceolate  was  nearly  as  great  as  on  the 
unmanured  plot,  and  that  of  Ranunculus  (acris  and  bulbosus), 
Rumex,  Achillaea,  and  Carum  Carui,  was  also  comparatively 
large.  On  the  other  hand,  the  mixed  mineral  manures,  which  so 
much  increased  the  proportion  of  the  Leguminous  plants,  con- 
siderably diminished  that  of  the  Miscellaneous  ones.  The  variety 
of  such  herbage  was,  however,  considerable ;  the  reduction  in 
amount  being  due  to  the  diminished  luxuriance  of  several 
species,  and  especially  the  Plantago,  which  was  in  very  small 
amount 

Effects  of  Ammonia-Salts  alone. 

Compared  with  the  unmanured  produce,  ammonia-salts  alone, 
or  with  sawdust  only  in  addition,  considerably  increased  the 
proportion  of  total  Graminaceous  herbage,  and  also  the  amount 
referable  to  the  species  of  the  five  predominating  genera,  the 
latter  reaching  from  65  to  68  per  cent,  of  the  total  produce.  To 
a  great  extent,  however,  the  same  grasses  prevailed  as '  in  the 
small  crops  without  manure,  or  with  mineral  manures  alone. 
The  most  prominent  effect  of  this  relatively  excessive  nitro- 
genous condition,  was  the  encouragement  of  the  Festuca  durius- 
cula  and  A  vena  pubescens,  two  good  elements  predominating  in 
the  produce  without  manure  ;  to  a  greater  extent  still  that  of 
the  objectionable  creeping-rooted  Agrostis ;  and  in  some  degree 
also  that  of  the  inferior  Holcus  lanatus.  Compared  with  the 
effects  on  the  distribution  of  the  Graminaceous  herbage  of  mineral 
manure  alone,  the  most  marked  result  of  the  ammonia-salts  alone 
was  the  great  increase  of  the  Agrostis  aud       Rstaw^  ^  ^» 
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expense,  to  some  extent;  of  the  superior  Poa  trivialis,  but  in  a 
greater  degree  of  the  Leguminous  herbage.  The  free  growing 
and  bulky  Dactylis,  as  by  mineral  manures  alone,  so  also  by 
ammonia-salts  alone  (which  characteristically  favour  the  growth 
of  Graminaceous  herbage  generally),  appears  to  be  kept  in  the 
background.  In  fact,  although  the  increase  by  ammonia-salts 
alone  was  exclusively  Graminaceous  (other  plants  being  actually 
reduced  in  amount),  it  was  also  almost  exclusively  composed  of 
the  leafy  herbage  of  the  less  grossly  growing  grasses. 

Under  the  influence  of  ammonia-salts  alone  the  produce  did 
not  contain  a  quarter  of  1  per  cent  of  Leguminous  herbage. 

The  proportion  of  total  Miscellaneous  plants,  and  the  number 
of  species,  were  reduced  by  the  use  of  ammonia-salts  alone ;  but 
some  few  plants  were  very  strikingly  encouraged,  especially  the 
Rumex  acetosa,  which  was  both  abundant  and  luxuriant.  Caruin 
Carui  was  also  very  prevalent,  more  so  than  the  figures  would 
indicate ;  the  small  weight  being  probably  due  to  its  being  ripe, 
and  having  shedded  much  seed  before  being  cut.  Achillas 
millefolium  was  also  a  very  prominent  plant ;  and  Luzula  cam- 
pestris  was  more  so  than  on  most  of  the  manured  plots. 

Effects  of  Nitrate  of  Soda  alone. 

The  effects  of  nitrate  of  soda  alone,  though  in  many  respects 
similar  to  those  of  ammonia-salts  alone,  show  some  peculiarities. 
The  proportion  of  the  total  herbage  referable  to  the  five  predo- 
minating Graminaceous  genera  is  unusually  small  ;  whilst  a  plant 
occurring  in  the  produce  without  manure  in  very  small  quantity, 
and  in  less  amount  still  in  that  by  mineral  manure  alone,  or 
ammonia-salts  alone,  comes  here  into  very  great  prominence.  This 
grass,  Alopecurus  pratensis  (fox-tail  grass),  a  good  pasture  plant, 
but  not  a  good  element  in  hay,  contributed  19*7  per  cent,  to  the 
produce  where  the  smaller  amount  of  nitrate  of  soda  was  used 
alone,  and  nearly  7  per  cent,  where  the  larger  amount  was 
employed  ;  though,  in  only  one  other  case,  excepting  in  the  pro- 
duce without  manure,  did  it  exceed  2  per  cent.  This  grass  was, 
in  fact,  quite  characteristic  of  the  nitrated  plots.  Otherwise, 
there  was  a  pretty  equal  distribution  of  the  grasses  prevailing  on 
the  plots  hitherto  considered ;  though,  as  with  ammonia-salts 
without  mineral  manure,  there  was  here  a  great  tendency  to 
development  of  foliage  from  the  base,  rather  than  to  the  growth 
of  stem  and  stem  -leaves. 

Nitrate  of  soda  alone,  like  ammonia-salts  alone,  very  much 
discouraged  the  Leguminous  herbage.  Lathyrus  and  Lotus  were 
almost  totally  excluded  ;  and  Trifolium  only  contributed  about  a 
quarter  of  1  per  cent,  oi  t\ifc  ^tatara. 
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Unlike  ammonia-salts  alone,  the  nitrate  of  soda  seemed  to 
encourage  the  Plantago  lanceolata  ;  and  under  its  influence  Cen- 
taurea  nigra  and  Taraxacum  Dens-leonis,  though  in  small 
amount,  were  somewhat  more  prominent  than  usual.  But  next 
to  Plantago  lanceolata,  Rumex  acetosa,  Achillaea  millefolium, 
Ranunculus  (acris  and  bulbosus),  and  Carum  Carui  were  the 
most  abundant  of  the  Miscellaneous  plants,  though  none  of  them 
were  very  luxuriant.  The  total  amount  of  Miscellaneous  herbage 
was  comparatively  large,  but  resulted  from  the  great  frequency 
of  some  few  species,  rather  than  from  either  great  variety,  or  great 
luxuriance  of  any  particular  plants. 

Effects  of  Farm-Yard  Manure  alone. 

Farmyard  dung  alone,  the  manure  upon  which  dependence 
must  to  a  great  extent  be  placed  for  grass-land  devoted  to  the 
production  of  hay,  gave  a  produce  containing  79  per  cent,  of 
total  Graminaceous  herbage,  but  a  comparatively  small  propor- 
tion (51*9  per  cent)  referable  to  the  five  predominating  genera ; 
and  this  was  the  case  notwithstanding  that  one  grass,  Poa  trivialis, 
which  was  not  at  all  prominent  on  any  of  the  plots  already  con- 
sidered, contributed  27£  per  cent,  of  the  total  herbage  as  sampled. 
The  notes  taken  on  the  ground  agree  with  the  figures  in  showing 
this  plant  to  have  been  very  prominent*;  and,  3s  will  presently  be 
seen,  it  also  occurred  in  very  predominating  amount  on  the  plot 
manured  with  farmyard-manure  and  ammonia-salts.  So  far 
farmyard-manure  improves  the  character  as  well  as  increases  the 
amount  of  the  Graminaceous  herbage ;  but  it  also  brings  into 
greater  prominence  than  any  of  the  other  manures  Bromus  mollis, 
which  is  reputed  to  be  a  very  bad  food-grass.  It,  at  the  same 
time,  encourages  the  free-growing,  productive,  and,  upon  the 
whole,  good  but  somewhat  coarse  grass  Dactylis  glomerata  more 
than  any  of  the  manures  yielding  the  smaller  crops.  The  three 
grasses  Poa  trivialis,  Bromus  mollis,  and  Dactylis  glomerata, 
which  are  thus  seen  to  be  increased  in  their  development  by 
farmyard-manure,  are  so  at  the  cost  chiefly  of  Festuca  duriuscula 
and  F.  pratensis,  but  partly  of  Avena  pubescens  and  Agrostis 
vulgaris,  and  in  a  less  degree  of  some  other  grasses. 

The  produce  by  farmyard-manure  contained  a  much  less 
amount  and  proportion  of  Leguminous  herbage  than  that  without 
manure ;  both  Trifolium  and  Lathyrus  being  much  reduced,  and 
Lotus  excluded,  at  any  rate  from  the  mown  sample.  This  result 
is  probably  due  more  to  the  increased  luxuriance  of  the  grasses 
and  certain  Miscellaneous  plants,  by  which  the  Leguminous 
ones  are  displaced,  than  to  any  directly  injurious  effect  of  the 
farmyard-manure  ;  for  the  notes  taken  on  tli*  ^covxtA  3&«r$  ^oaX 
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although  Trifolium  and  Lathyrus  were  less  frequent  on  the 
farmyard-manure  than  on  the  unmanured  plot,  they  were  on  the 
other  hand  more  luxuriant 

The  Miscellaneous  or  weedy  plant  most  prominently  developed 
by  farmyard-manure  was  the  Kumex  acetosa,  or  sorrel  dock, 
which  amounted  to  rather  more  than  10  per  cent,  of  the  sample 
examined;  though,  from  the  notes  taken  on  the  ground,  it  is 
concluded,  that  the  sample  perhaps  included  a  somewhat  undue 
proportion.  According  to  the  notes,  Carum  Carui  was  by  far  the 
most  frequently  occurring  weed.  Ranunculus  (acris  and  bulbo- 
sus),  and  Achillaea  millefolium  were  also  each  very  frequent; 
and  Plantago  lanceolata  was  more  so  than  in  most  of  the  crops 
of  equal  bulk.  Besides  those  mentioned,  scarcely  any  other 
weedy  plants  occurred  ;  there  being  a  large  total  percentage  of 
Miscellaneous  herbage,  but  referable  to  comparatively  few  species, 
and  it  was  the  frequency  rather  than  the  luxuriance  of  these  that 
contributed  to  the  large  amount. 

Effects  of  Farmyard-manure  and  Ammonia-Salts. 

As  already  alluded  to,  the  combination  of  farmyard -manure 
and  ammonia-salts,  like  farmyard-manure  alone,  very  strikingly 
developed  the  Poa  trivialis,  and  to  a  considerable  extent  the 
Bromus  mollis  also.  The  chief  distinction  is,  that  the  ammonia- 
salts  used  in  conjunction  with  a  manure  supplying  a  large 
amount  of  mineral  matter,  strikingly  increases  the  growth  of  the 
Dactylis  glomerata,  apparently  at  the  expense  of  the  Miscellaneous 
herbage,  of  which  there  were  but  very  few  species,  and  but  a 
small  amount,  whilst  the  proportion  of  total  Graminaceous  herb- 
age was  considerably  increased.  In  other  respects,  the  produce 
was  very  similar  in  its  Graminaceous  components  to  that  by  farm- 
yard-manure alone  ;  there  being,  in  the  two  cases,  besides  the 
grasses  which  have  been  specially  noticed,  pretty  equal  propor- 
tions of  most  of  those  occurring  on  the  unmanured  plot  Holcus 
lanatus  was,  however,  rather  more  plentiful  and  luxuriant  where 
the  ammonia-salts  were  used. 

Under  the  influence  of  ammonia-salts  in  conjunction  with 
farmyard-manure  all  the  elements  of  Leguminous  herbage  were 
almost  as  completely  excluded  as  when  ammonia-salts  were  used 
alone. 

The  number  of  species  of  Miscellaneous  plants  was  unusually 
small  under  the  conditions  of  manuring  now  in  question ;  and 
the  proportion  in  the  produce  of  such  herbage  was  also  small. 
As  in  the  case  of  farmyard-manure  alone,  Rumex  acetosa  was  the 
most  prominent  weed.  Judging  from  the  notes  and  figures  together, 
Cartftn  was  probably  next  m  ot&et  v&  prevalence ;  and  after  it 
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came  Ranunculus  (acris  and  bulbosus),  and  Achillaea  millefolium. 
But  none  of  the  Miscellaneous  plants  enumerated  were  so  abundant 
here  as  under  the  influence  of  farmyard-manure  alone;  still,  the 
amounts  recorded  in  the  Tables  are  attributable  rather  to  their 
frequency  than  to  great  luxuriance. 

Effects  of  Ammonia- Salts  and  Superphosphate  of  Lime. 

Ammonia-salts  in  conjunction  with  superphosphate  of  lime, 
gave  considerably  more  produce,  a  larger  proportion  of  Gramina- 
ceous herbage,  and  a  larger  proportion  referable  to  the  five  pre- 
dominating Graminaceous  genera  than  superphosphate  of  lime 
alone :  the  proportion  of  the  latter  being  increased  from  51  to 
5G£  per  cent,  of  the  total  produce.  The  proportions  of  Poa 
trivialis  and  Lolium  perenne  are  not  much  affected  by  the 
addition  of  the  ammonia-salts  ;  but  those  of  Festuca  duriuscula, 
A  vena  pubescens,  and  A.  flavescens  are  considerably  reduced  ; 
whilst  the  inferior  grasses,  Agrostis  vulgaris  and  Holcus  lanatus 
(especially  the  former),  are  brought  into  very  considerable  pro- 
minence. Although,  therefore,  the  amount  of  produce  was  much 
increased  by  the  addition  of  the  ammonia-salts,  the  character  of 
the  Graminaceous  plants  developed  was  somewhat  inferior. 
Dactylis  glomerata  was  not  encouraged  by  the  combination  in 
question. 

As  in  other  cases  where  nitrogenous  manures  were  freely 
employed,  Leguminous  herbage  of  all  kinds  was  almost  excluded. 

Of  Miscellaneous  herbage — as  under  somewhat  similar  con- 
ditions in  other  cases — Rumex  acetosa  was  by  far  the  most 
prominent  element,  being  both  very  abundant  and  very  luxuriant 
Carum  Carui  was  likewise  both  abundant  and  luxuriant,  but  had 
shedded  a  good  deal  of  its  seed  ;  Ranunculus  acris  and  R.  bul- 
bosus were  frequent  rather  than  luxuriant ;  Achillaea  millefolium 
occurred  in  notable  quantity;  other  Miscellaneous  species  were 
somewhat  few  in  number  and  insignificant  in  amount 

Effects  of  Nitrate  of  Soda  and  mixed  Mineral  Manure. 

By  nitrate  of  soda  and  mixed  mineral  manure  together,  both  the 
amount  of  produce  and  the  proportion  of  it  referable  to  the  few 
predominating  Graminaceous  species  were  greater  than  by  either 
nitrate  of  soda  alone  or  mixed  mineral  manure  alone.  Where 
the  smaller  amount  of  nitrate  of  soda  was  used  with  the  mixed 
mineral  manure,  Avena  flavescens,  Holcus  lanatus,  and  Poa 
trivialis  were  the  predominating  grasses ;  and,  according  to  the 
figures,  Festuca  duriuscula  and  Agrostis  vulgaris  were  also  in 
large  amount,  though  the  notes  taken  on  the  ^covmmL  <ivk  w^N-Vsk^ 
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to  the  conclusion  that  they  were  predominating.  All  these 
grasses  occurred  in  larger  amount  than  where  the  nitrate  of  soda 
was  used  alone.  But  the  most  remarkable  effect  of  the  addition  of 
the  mixed  mineral  manure  was  the  almost  entire  exclusion  of  the 
Alopecurus  pratensis,  which  had  flourished  in  such  an  extraor- 
dinary degree  under  the  influence  of  the  nitrate  of  soda  alone, 
and  the  great  development  in  its  stead  of  the  Avena  flavescens, 
which  under  the  latter  condition  had  occurred  in  very  insigni- 
ficant amount  With  twice  the  amount  of  nitrate  of  soda  and  the 
same  mixed  mineral  manure,  the  ^distribution  of  Graminaceous 
species  was  again  very  strikingly  but  very  differently  affected. 
Poa  trivial  is  was  now  the  predominating  species ;  and  Dactylis 
glomerata,  Lolium  perenne,  and  Bromus  mollis  were  also  in  con- 
siderable quantity  ;  Holcus  lanatus  coming  next  in  order.  Here 
again  Alopecurus  pratensis — the  characteristic  plant  with  nitrate 
of  soda  alone — was  almost  excluded ;  whilst  Festuca  duriuscula 
was  reduced  to  a  very  insignificant  amount,  and  Avena  flavescens 
— so  luxuriant  with  the  smaller  amount  of  nitrate  and  mineral 
manure — was  here  by  no  means  prevalent.  With  regard  to  the 
great  prominence  of  Poa  trivialis  and  Bromus  mollis  on  the  plot 
now  under  consideration,  it  is,  however,  worthy  of  remark  that 
it  adjoined  Plot  17,  manured  with  farmyard-manure  and  am- 
monia-salts, where  these  two  grasses  were  the  characteristic 
plants.  It  would  seem  probable,  therefore,  that  the  result  was, 
at  any  rate  partly,  due  to  seeding  from  the  farmyard-manure 
plots,  and  hence  so  far  accidental. 

Of  Leguminous  plants,  there  was  a  somewhat  larger  propor- 
tion than  by  nitrate  of  soda  alone,  or  by  ammonia-salts  either 
alone  or  in  combination  with  the  mixed  mineral  manure,  though 
much  less,  especially  of  Trifolium,  where  the  larger  than  where 
the  smaller  amount  of  nitrate  of  soda  (with  the  mineral  manure) 
was  used,  and  in  both  cases  very  much  less  than  without  manure. 
The  Lathyrus  was  more  frequent  than  the  Lotus:  the  latter, 
indeed,  was  all  but  wanting. 

The  amount  and  character  of  development  of  the  Miscellaneous 
herbage  differed  very  greatly  on  the  two  plots  with  nitrate  of 
soda  and  mineral  manure,  both  the  proportion  and  the  luxuriance 
being  generally  much  greater  with  the  smaller  amount  of  nitrate. 
With  the  smaller  amount  of  nitrate,  Rumex  acetosa,  Ranunculus 
(acris  and  bulbosus),  Carum  Carui,  and  Achillaea  millefolium 
were  all  both  frequent  and  luxuriant,  and  Plantago  lanceolata 
was  somewhat  so.  With  the  larger  amount  of  nitrate,  Rumex 
acetosa  was  by  far  the  most  frequent  and  abundant  weed  ;  neither 
Achillaea  millefolium  nor  Plantago  lanceolata  was  at  all  preva- 
lent ;  whilst  Carum  Carui  and  Ranunculus  (acris  and  bulbosus), 
though  sonK;what  frcc^eiY^  ^  and  other  weeds 
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were  small  both  in  number  and  amount  The  general  result  is, 
that  with  the  larger  amount  of  nitrate  and  the  mixed  mineral 
manure — as  with  the  corresponding  amount  of  ammonia-salts 
and  mixed  mineral  manure — both  the  number  of  species  and  the 
total  amount  of  Miscellaneous  plants  were  comparatively  small. 

Effects  of  Ammonia-' Salts  and  mixed  Mineral  Manure. 

There  remain  to  be  noticed,  the  distribution  and  predominance 
of  species,  on  Plots  10, 11,  lSfo  12i,  13a,  and  13ft,  on  which  both 
ammonia-salts  and  mixed  mineral  manure  were  employed,  and 
on  which  by  far  the  largest  crops  were  obtained. 

Excepting  in  the  case  of  Plot  11,  where  in  1862  potass  was 
excluded  from  the  mineral  manure,  the  produce  contained  from 
89J  to  95  per  cent  of  Graminaceous  herbage;  and  the  five 
predominating  grasses  ranged  from  about  61£  to  about  68J  per 
cent  of  the  total  produce.  In  four  out  of  the  six  cases  the 
free-growing  and  bulky  Dactylis  glomerate,  was  the  predomi- 
nating grass,  contributing  in  one.  case  31  per  cent,  and  in 
the  case  of  the  smallest  amount  of  it  nearly  22  per  cent  of  the 
total  produce.  In  the  two  other  cases,  the  Avena  pubescens 
and  A.  flavescens,  in  about  equal  proportions,  predominated, 
amounting  together  to  from  18  to  19  per  cent.  In  two  out 
of  the  four  cases  where  Dactylis  predominated  (Plots  13a 
and  136)  a  very  excessive  amount  of  ammonia-salts  was  em- 
ployed ;  and  in  the  one  case  the  mineral  manure  contained 
silicates,  when  a  considerably  larger  amount  of  Agrostis  was 
found  in  the  produce,  but  whether  the  result  were  really  due  to 
the  supply  of  the  silicates  may  be  a  question.  In  fact,  it  was 
in  dealing  with  the  very  heavy  and  luxuriant  crops  that  the 
,  difficulty  of  fairly  sampling  was  the  greatest;  and  we  would, 
therefore,  especially  in  such  cases,  rest  our  conclusions  much 
more  upon  the  general  than  upon  the  exact  indications  of  the 
figures.  Although  Agrostis  and  Holcus,  two  bad  elements, 
occurred  in  considerable  quantity  in  the  bulky  produce  of  all  the 
highly-manured  plots,  it  is  satisfactory  to  observe  that  the  free- 
growing  and  useful  Dactylis,  the  sweet  and  much-relished  Avena 
pubescens  and  A.  flavescens,  the  useful  Poa  trivialis,  and  the 
free-growing  and  nutritive  Lolium  were  all  prominent  com- 
ponents in  these  luxuriant  crops.  Of  other  grasses,  Festuca 
duriuscula  or  F.  pratensis  came  next  in  order  of  prevalence,  the 
rest  occurring  for  the  most  part  in  very  insignificant  proportions. 

Of  Leguminous  plants  these  heavy  crops  in  some  cases  con- 
tained scarcely  a  trace,  and  in  others  only  very  insignificant 
amounts. 

Of  Miscellaneous  herbage,  Rumex  acetosa^  a&  vuvaaX.  ^wV&vS»&v 
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manuring  of  any  kind,  is  by  far  the  most  predominating  plant ; 
Carum  Carui  and  Achillaea  millefolium  coming  next  in  order. 
All  others,  Ranunculus  and  Plantago  included,  occurred  in  very 
small  amounts  ;  and  the  total  quantity  of  Miscellaneous  herbage, 
which  was  small,  was  attributable  chiefly  to  the  luxuriance  of 
the  Rumex  and  the  Carum,  and  the  frequency  of  the  Achillaea 
millefolium. 

III. —  The  tendency  to  the  Development  of  leafy  or  stemmy  Produce, 
and  the  Order  qf  Ripeness. 

As  already  explained,  in  the  separations  of  1858,  the  results  of 
which  were  recorded  in  our  former  Report,  the  Graminaceous 
herbage  was  classified  into  "Stems  bearing  flower  or  seed," 
which  could  be  referred  to  particular  species,  and  into  "De- 
tached leaf  and  indeterminate  stems ;"  and  hence  the  figures 
pretty  directly  indicated  the  relative  tendency  to  the  production 
of  stem  and  seed,  or  of  leaf.  But  since  in  the  recent  separations 
all  the  detached  leafy  matter  that  could  be  identified,  is  included, 
with  the  stemmy  portion,  under  the  head  of  "  Determined 
species  " — the  remainder  only  being  put  down  as  "  Undetermined 
stem  and  leaf,"  or  "  Shedded  flowers  and  seeds,  &c." — the  nu- 
merical results  of  the  present  inquiry  do  not  serve  to  illustrate 
the  subject  of  the  tendency  to  the  development  of  leafy  or 
stemmy  produce.  The  figures  in  the  column  in  Table  II. 
showing  the  amounts  remaining  as  "Undetermined  stem  and 
leaf"  do  indeed  indicate,  where  the  amount  is  large,  that  the 
separation  and  identification  were  unusually  difficult,  and  so  far 
generally  that  the  produce  was  leafy  and  ill-defined  rather  than 
stemmy  and  matured ;  but  in  the  few  remarks  we  have  to  make 
on  the  point  in  question,  as  well  as  on  that  of  the  relative  ripe- 
ness, we  shall  rely  on  careful  observations  made  on  the  ground 
just  before  and  at  the  time  of  cutting,  in  which  ten  conditions  or 
orders  of  ripeness  of  the  produce  (of  the  20  plots)  were  noted. 

The  unmanured  plots  presented  a  very  thin  crop  of  stem,  with 
a  full  and  uniform  development  of  leaves,  which  were,  however, 
very  short,  affording  upon  the  whole  a  pretty  even  and  close,  but 
meagre  bottom  herbage,  which  was  green  and  late  at  the  time  of 
cutting,  its  order  of  ripeness  being  No.  8.  Leguminous  and 
Miscellaneous  plants  were  numerous,  but  mostly  of  stunted 
growth. 

Superphosphate  qf  lime  alone  gave  a  crop  very  much  like  the 
unmanured  one  as  to  general  relation  of  leaf  and  stem,  &c,  but 
it  was  rather  more  luxuriant,  and  showed  more  tendency  to  the 
production  of  fine  leal,  cbicfty  \*W^a!&  to  the  smaller  and  later 
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grasses ;  it  contained  much  less  Leguminous  herbage,  nearly  the 
same  proportion  of  Miscellaneous  plants,  and  was  somewhat 
more  matured  at  the  time  of  cutting,  its  order  of  ripeness  being 
No.  6. 

Mixed  mineral  manures  alone  gave  a  very  equally  maturing 
and  generally  ripe  crop,  but  with  only  a  small  proportion 
of  the  more  grossly  growing  grasses;  the  finer  ones,  however, 
mostly  flowering  or  seeding.  Leguminous  plants  were  very 
numerous  and  luxuriant,  but  few  of  the  Miscellaneous  ones  were 
so.    Order  of  ripeness  No.  2. 

Ammonia-salts  alone  gave  a  very  green  and  unripe  crop,  the 
order  of  ripeness  being  No.  10.  There  was  a  dense  bottom 
herbage,  with  the  foliage  coming  chiefly  from  the  root,  and  very 
little  flowering  tendency.  Upon  the  whole  the  grasses,  which 
were  for  the  most  part  of  the  smaller  kinds,  seemed  but  partially 
developed,  apparently  exhausted,  and  not  likely  to  mature.  Lo- 
lium  perenne  showed  the  most  tendency  to  form  stem  and  seed, 
but  was  frequently  monstrous  or  dying. 

Nitrate  of  soda  alone  gave  a  crop  which  at  the  time  of  cutting 
was  very  late,  dark  green,  and  still  growing,  without  the  look  of 
exhaustion  exhibited  by  the  herbage  grown  by  ammonia-salts 
alone ;  it  was  much  more  leafy  than  stemmy,  forming  a  dense 
mass  of  grassy  produce,  for  the  most  part  referable  to  the  smaller- 
leafed  species ;  and,  as  the  amount  of  undetermined  stem  and 
leaf  will  show,  the  separation  and  identification  of  its  com- 
ponents were  unusually  difficult  The  order  of  ripeness  was 
No.  9. 

Farmyard-manure  alone  yielded  a  produce  which  was,  upon  the 
whole,  comparatively  ripe,  standing  4th  in  this  respect,  but  it 
was  very  unequally  so.  All  the  grasses  gave  a  fair  proportion  of 
stem,  and  they  were  also  generally  plentiful  in  both  base  and 
stem-leaves.  Poa  trivialis  and  Bromus  mollis  were  the  pre- 
dominating grasses,  but  there  was  a  fair  proportion  of  most  of 
the  others  found  on  the  unmanured  land,  tike  grosser  species 
being,  however,  somewhat  restricted  in  development. 

Farmyard-manure  and  ammonia-salts,  like  farmyard-manure 
alone,  gave  a  very  unequally  ripe  crop,  which  also  in  order  of 
ripeness  was  No.  4.  Its  characteristics  were  great  luxuriance, 
a  fair  proportion  of  both  stem  and  leaf,  and  a  considerable  variety 
of  herbage  ;  but  with  Poa  trivialis,  Dactylis  glomerata,  and 
Bromus  mollis,  by  far  the  most  prominent  species  among  the 
grasses,  giving  upon  the  whole  a  strong  and  thick-bottomed,  but 
rather  rough  crop. 

With  superphosphate  of  lime  and  ammonia-salts  the  crop  was 
much  more  backward  than  with  superphosphate  of  lime  alone, 
coming  10th  instead  of  6th  in  order  of  ripeness  Ttaxfe^Ria^ 
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relatively,  much  less  development  of  stem  and  much  more  of 
leaf,  forming  a  strong  and  luxuriant  bottom-grass,  of  a  dark- 
green  colour. 

The  mixed  mineral  manure  and  nitrate  of  soda  gave  crops 
which  were  very  much  riper,  especially  where  the  double  amount 
of  nitrate  was  used,  than  those  by  nitrate  of  soda  alone ;  the  order 
of  ripeness  was  with  the  smaller  amount  of  nitrate  (and  minerals), 
No.  5,  and  with  the  larger  amount,  No.  1 ;  the  crops  with  nitrate 
alone  standing  9th,  and  those  with  the  mixed  mineral  manure 
alone  2nd.  There  was,  however,  a  great  tendency  to  the  produc- 
tion of  leaf,  the  stems  being  somewhat  thinly  distributed. 

The  mixed  mineral  manure  in  conjunction  with  ammonia-salt** 
as  with  nitrates,  greatly  enhanced  the  production  of  stem  and 
the  ripening  tendency.  The  crops  grown  by  this,  combina- 
tion— which  were  the  heaviest  in  the  series — were  very  luxuriant, 
and  still  vigorously  growing  at  the  time  of  cutting,  the  grosser 
species  of  grass  predominating.  There  was  a  very  full  develop- 
ment of  both  stem  and  leaf ;  the  foliage,  however,  coming  in 
larger  proportion  than  usual  from  the  stem.  With  the  smaller 
amount  of  ammonia-salts  the  crops  were  4th  in  order  of  ripe- 
ness ;  but  with  the  larger  amount  they  were  only  7th,  being  later, 
greener,  and  more  vigorously  growing,  and  showing  a  greater 
abundance  and  luxuriance  of  Dactylis  glomerata. 

In  connexion  with  the  results  brought  out  in  this  inquiry  into 
the  action  of  special  manures  on  the  mixed  herbage  of  grass-land, 
it  will  be  interesting,  at  the  present  time,  when  the  subject  of 
the  utilisation  of  town  sewage  is  so  much  discussed,  to  call 
attention  to  the  prominent  characters  of  the  herbage  developed 
when  it  is  applied  to  permanent  meadow  land. 

In  some  experiments  conducted  during  the  last  two  years  by 
the  Royal  Sewage  Commission,  and  still  in  progress,  on  the 
application  of  the  town  sewage  to  grass  land  at  Rugby,  it  is 
found  that  effects  have  resulted  very  similar  to  those  recorded  in 
this  paper.  The  prevailing  grasses  on  the  unsewaged  land  were 
Dactylis,  Holcus,  Lolium,  Festuca,  Agrostis,  Poa,  and  Avena; 
a  number  of  others  occurring  in  smaller  proportion.  Of  the 
sewaged  produce,  by  far  the  largest  proportion  consists  of 
Dactylis,  Holcus,  and  Lolium ;  whilst  Festuca,  Agrostis,  Avena, 
Poa,  and  other  grasses,  are  far  less  prominent  than  in  the  un- 
manured  produce.  Under  the  influence  of  sewage  too,  the 
Leguminous  herbage  is  found  to  be  almost  excluded ;  and  the 
Miscellaneous  weedy  plants  are  very  much  reduced  in  variety, 
though  some  few  are  very  much  increased  in  luxuriance,  among 
which  Rumex,  Ranunculus  repens,  and  sometimes  Taraxacum, 
are  the  most  prominent. 
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In  the  well-known  Edinburgh  sewaged  meadows  again,  the 
herbage  is  for  the  most  part  of  a  very  simple  character.  Of  the 
grasses,  the  most  prominent,  and  the  most  valued  for  its  yield  of 
green  food,  is  the  Poa  trivialis ;  next  in  prevalence,  and  perhaps 
in  general  estimation  also,  is  the  Triticum  repens,  or  couch 
grass ;  and  after  these,  frequently  occur  Lolium  perenne  and 
Dactyl  is  glomerata.  Of  weedy  plants,  the  Ranunculus  seems  to 
be  the  most  prevalent  and  luxuriant,  especially  where  the  drainage 
is  imperfect  It  should  be  observed,  however,  that  many  of  the 
Edinburgh  meadows  have  been  laid  down  specially  with  a  view 
to  sewage  irrigation;  though,  where  old  permanent  meadows 
have  been  brought  under  treatment,  or  a  considerable  mixture  of 
grasses  has  been  sown  in  laying  down  for  irrigation,  it  is  still 
found,  after  a  few  years,  that  the  great  bulk  of  the  herbage  is 
composed  of  but  a  few  of  the  freer  growing  grasses. 

It  will  be  readily  understood,  however,  that  the  value  of  the 
produce  of  ordinary  permanent  meadow  land,  and  of  a  sewage- 
irrigated  meadow,  depends  upon  very  different  qualities,  and 
that  a  character  of  growth  which  may  be  a  disadvantage  in  the 
one  case,  may  be  advantageous  in  the  other. 

The  produce  of  the  ordinary  meadow,  if  designed  for  hay,  is 
allowed  to  approach  nearly  to  maturity  before  being  cut,  and 
over  luxuriance  of  growth,  tending  to  the  great  predominance  of 
a  few  very  free  growing  grasses,  is  likely  to  be  accompanied  by 
an  undue  development  of  woody  stem,  giving  a  hard,  coarse,  and 
comparatively  indigestible  and  innutritious  food.  There  is,  in 
fact,  an  obvious  limit  beyond  which  it  is  not  advantageous  to  go 
in  forcing  the  hay  crop  by  means  of  artificial  manures;  for, 
beyond  a  certain  point,  which  the  intelligent  practical  farmer 
will  not  be  slow  in  discerning,  not  only  is  less  increase  of  pro- 
duce obtained  for  a  given  amount  of  manure  employed,  but  the 
increased  quantity  is  gained  at  too  great  a  sacrifice  of  quality. 

It  is  quite  otherwise  with  the  sewage-irrigated  meadow,  the 
produce  of  which  is  to  be  cut  green.  Although  it  may  happen 
that  only  the  very  free  growing  (and  under  some  circumstances 
objectionable)  grasses  may  be  encouraged,  yet  they  are  mown 
in  a  young  and  succulent  condition,  before  their  objectionable 
qualities  have  been  developed,  and  the  faster  they  grow  the 
oftener  they  are  cut.  Hence,  whilst  their  great  luxuriance  is 
only  an  advantage,  their  tendency  to  yield  a  hard  later  growth  is 
not  against  them. 


The  most  prominent  results  of  the  whole  inquiry  may  be  briefly 
enumerated  as  follows  : — 

1.  So  far  as  the  general  distribution  o?  GTOmm^wft,^*^ 
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minous,  and  weedy  herbage,  and  the  tendency  to  the  production 
of  leafy  or  stemmy  produce,  and  to  early  or  retarded  ripening 
are  concerned,  the  characters  of  the  produce  of  the  seventh 
season  of  the  experiments  (1862)  are,  in  the  main,  similar  to 
those  before  recorded  of  the  produce  of  the  third  season,  1858; 
but  there  is  considerable  change  in  the  relative  predominance 
of  certain  species  on  particular  plots.  Dactylis  glomerata, 
Festuca  duriuscula  or  F.  pratensis,  A  vena  pubescens  or  A. 
flavescens,  Poa  trivialis  or  P.  pratensis,  and  Alopecurus  pratensis, 
have,  respectively,  become  much  more  prevalent  on  one  or  more 
of  the  plots,  according  to  the  description  of  manure  employed. 

2.  The  unmanured  produce  consisted  of  74  per  cent  Grami- 
naceous, 7  per  cent  Leguminous,  and  19  per  cent  weedy  her- 
bage. It  showed  great  variety,  and  comparatively  little  predo- 
minance of  individual  species.  Festuca  duriuscula  and  F.  pra- 
tensis, and  A  vena  pubescens  and  A.  flavescens,  were  the  most 
prominent;  whilst  the  freer  growing  grasses  were  in  smaller 
amount,  and  a  number  of  others  in  less  proportion  still.  The 
crop  was  even,  but  very  short,  and  with  little  development  of 
stem  :  and  it  was  green,  and  comparatively  late,  at  the  time  of 
cutting. 

3.  Mixed  mineral  manures  alone  gave  comparatively  little  in- 
crease of  Graminaceous  herbage,  and  reduced  the  proportion  in  the 
produce,  both  of  it  and  the  weedy  herbage ;  but  they  greatly  in- 
creased both  the  amount  per  acre,  and  the  proportion,  of  the  Legu- 
minous plants,  Trifolium,  Lathyrus,  and  Lotus.  The  description 
of  the  Graminaceous  herbage  was  not  very  much  altered  from 
that  of  the  unmanured  land ;  there  was  no  striking  predomi- 
nance of  individual  species,  but,  compared  with  the  produce  by 
more  productive  manures,  a  pretty  even  mixture  of  most  of  the 
grasses  occurring  without  manure,  and  those  which  did  show 
any  prominence  were  chiefly  of  the  smaller  and  less  free-growing 
kinds.  The  tendency  to  form  stem  and  seed,  and  to  early  ripe- 
ness, was  much  greater  than  without  manure. 

4.  Ammonia-salts  alone  considerably  increased  both  the 
amount  and  proportion  of  the  Graminaceous  herbage,  almost 
excluded  Leguminous  plants,  and  generally  reduced  the  number 
and  amount  of  Miscellaneous  or  weedy  species,  but  much  in- 
creased the  luxuriance  of  some,  particularly  Rumex  acetosa, 
Carum  Carui,  and  Achillaea  millefolium.  Tne  relation  to  one 
another  of  the  Graminaceous  species,  as  to  amount,  was  much  the 
same  as  without  manure,  excepting  that  Festuca  duriuscula  and 
Agrostis  vulgaris  were  brought  into  much  greater  prominence. 
The  increased  growth  was  characteristically  that  of  root  or  base- 
leaves,  and  there  was  \erj  tendency  to  form  stem  or  to 
ripen. 
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5.  Nitrate  of  soda  alone,  like  ammonia-salts  alone,  consider- 
ably increased  the  produce  of  Graminaceous  herbage,  and  tended 
chiefly  to  the  production  of  root-foliage.  The  nitrate,  however, 
strikingly  brought  into  prominence  the  Alopecurus  pratensis,  at 
the  expense,  compared  with  the  produce  by  ammonia-salts,  chiefly 
of  Agrostis  vulgaris,  and  partly  of  Festuca  duriuscula.  Other- 
wise, the  distribution  of  species  was  not  very  materially  altered, 
the  more  luxuriantly-growing  grasses  not  being  much  developed. 
The  crop  was  much  more  leafy  than  stemmy,  very  dark  green, 
and  late  ;  contained  very  little  Leguminous  herbage,  though  rather 
more  than  the  produce  by  ammonia-salts  alone ;  and  the  weedy 
plants  were  luxuriant  rather  than  numerous — Plantago  lanceo- 
lata,  Centaurea  nigra,  Rumex  acetosa,  Achillaea  millefolium, 
Ranunculus,  and  Taraxacum,  all  being  more  or  less  encouraged. 

6.  The  combinations  of  nitrogenous  manure  (ammonia-salts 
or  nitrates)  and  mixed  mineral  manures,  gave  by  far  the  largest 
crops,  the  largest  proportion  of  Graminaceous  herbage,  the 
largest  proportion  referable  to  a  few  species,  scarcely  a  trace  of 
Leguminous  plants,  and  a  small  proportion  both  in  number  and 
amount  of  Miscellaneous  or  weedy  ones.  The  produce  was  very 
luxuriant,  with  a  great  development  of  stem  and  stem  leaves,  and 
a  much  greater  tendency  to  ripen  than  when  the  ammonia-salts 
or  nitrates  were  used  without  the  mineral  manure.  The  pre- 
dominating grasses  were  the  most  bulky  and  free-growing  ones ; 
Dactylis  glomerata,  and  Poa  trivialis,  being  very  prominent ;  and 
Avena  pubescens  or  A.  flavescens,  Agrostis  vulgaris,  Lolium 
perenne,  and  Holcus  lanatus,  somewhat  so.  Festuca  duriuscula, 
F.  pratensis,  Arrhenatherum  avenaceum,  Alopecurus  pratensis, 
Bromus  mollis,  and  others,  were  almost  excluded. 

7.  Farmyard-manure  considerably  increased  the  growth  of  the 
grasses,  and  of  some  few  weeds,  particularly  Rumex,  Ranunculus, 
Carum,  and  Achillaea,  and  reduced  that  of  clover  and  allied 
plants,  more  especially  when  used  in  combination  with  ammonia- 
salts.  It  greatly  encouraged  the  growth  of  the  good  grass  Poa 
trivialis,  and  of  the  bad  one  Bromus  mollis ;  and  when  in  con- 
junction with  ammonia-salts  the  Dactylis  glomerata.  Under 
both  conditions  Festuca  duriuscula  and  F.  pratensis  were  nearly 
excluded,  and  Avena  flavescens,  A.  pubescens,  Agrostis  vulgaris, 
Lolium  perenne,  and  Arrhenatherum  avenaceum,  were  very 
much  reduced.  The  crops  were  upon  the  whole  bulky,  com- 
paratively simple  as  to  description  of  herbage,  fairly  luxuriant 
both  in  stem  and  leaf,  somewhat  rough  and  coarse,  and  showing 
a  tendency  to  unequal  ripeness. 

8.  Leguminous  herbage  was  almost  entirely  excluded  when- 
ever nitrogenous  manures  were  used  in  any  quantity,  whether  in 
the  form  of  ammonia-salts  or  nitrates,  alone  or  in  combination 
with  mineral  manures;  but  it  was  somewhat  less  so  with  the 
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nitrate  than  with  the  ammonia-salts.  Mineral  manure  alone, 
containing  both  potass  and  phosphoric  acid,  greatly  increased 
the  growth  of  the  Leguminous  plants  perennial  red  clover  and 
meadow  vetchling.  Farmyard-manure  like  artificial  nitrogenous 
manures,  also,  but  in  a  less  degree,  much  diminished  the  pro- 
portion of  the  Leguminous  herbage. 

9.  Every  description  of  manure  diminished  the  number  of 
species,  and  the  frequency  of  occurrence,  of  the  Miscellaneous  or 
weedy  herbage ;  mineral  manures  alone  less  so  than  any  other ; 
nitrogenous  ones,  especially  in  combination  with  mineral  con- 
stituents, did  so  very  strikingly,  but  they  at  the  same  time 
greatly  increased  the  luxuriance  of  a  few  species,  especially 
Rumex  acetosa,  and  frequently  Carum  Carui  and  Achillaa 
millefolium.  Plantago  and  Ranunculus  were  generally  dis- 
couraged by  active  manures,  excepting  farmyard-manure  and 
nitrate  of  soda.  The  nitrate  also  favoured  Centaurea  nigra  and 
Taraxacum  Dens-leonis. 

10.  Considerable  increase  of  produce  was  only  obtained  by 
means  of  farmyard-manure,  or  artificial  manures  containing  both 
mineral  constituents  and  ammonia-salts  or  nitrates.  The  crops 
so  obtained  were  much  more  Graminaceous,  and  consisted  in 
much  greater  proportion  of  but  a  few  species  of  plants.  The 
grasses  developed  were  chiefly  of  the  more  bulky  and  freer 
growing  kinds,  and  the  produce  was  generally  very  stem  my — 
being  the  more  so,  and  the  coarser,  the  more  excessive  the 
manuring. 

11.  Meadow-land  mown  for  hay  should  not  be  manured  exclu- 
sively with  artificial  manures,  but  should  receive  a  dressing  of 
well-rotted  farmyard  dung  every  four  or  five  years. 

12.  Sewage  irrigation,  like  active  manures  applied  to  meadow- 
land  in  the  ordinary  way,  has  also  a  tendency  to  develop  chiefly 
the  Graminaceous  herbage,  excluding  the  Leguminous,  and  to 
a  great  extent  the  Miscellaneous  or  weedy  plants.  It  also,  at 
the  expense  of  the  rest,  encourages  a  few  free-growing  grasses, 
among  which,  according  to  locality  and  other  circumstances,  Poa 
trivialis,  Triticum  repens,  Dactylis  glomerata,  Holcus  lanatus, 
and  Lolium  perenne  have  been  observed  to  be  very  prominent. 
The  result  is  an  almost  exclusively  Graminaceous  and  very 
simple  herbage.  But,  as  the  produce  of  sewage-irrigated  meadows 
is  generally  cut  in  a  very  young  and  succulent  condition,  the 
tendency  which  the  great  luxuriance  of  a  few  very  free-growing 
grasses  has  to  give  a  coafse  and  stemmy  later  growth  is  less 
objectionable  than  in  the  case  of  meadows  left  for  hay. 


